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JUSTUS BARON YON LIEBIG, 

&C. &C. <fcc*. 

L'KlHfKSSOil OF OUEMiSTKY IN THE UNIVERSITY OF UJ ESSEX. 


My Dear Friend, 

Pei ini t me, us a small mark of the high esteem in which 
T hold you, and of my sincere admiration for your achievements 
in Chemical Science, to inscribe to you the following pages. 

Tf my little work possess any value as a guide to the student, 
it is to your writings, to your example, and to the unreserved 
communications with which you have at all times honoured me, 
that 1 am indebted for it. 

Few men have enjoyed better opportunities of intimate personal 
intercourse, and of epistolary correspondence with you than 1 
have : and few, consequently, can more confidently testify to the 
rare liberality with which your views on scientific subjects arc 
communicated to your friends, or to the readiness with which 
your advico and assistance are reiylered to you$ follow labourers. 

The present work is but a feeble testimony of the attachment 
and respect, which, after sixteen years of uninterrupted friend- 
ship, I feel for ^our person and character. Put such as it is, it 
is lieartilj offered by 

Yours ever faithfully, 

WILLIAM GREGORY. 
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In preparing for the pjesa this new edition of the “ Hand- 
book of Organic Chemistry,” I have found it necessary, from 
the rapid progress of discovery ill this department of 
science, to make important changes in various sections, and 
in almost all to introduce a large amount of new matter ; 
so that the work is considerably increased in size. 

In doing this, I have, as far as possible, endeavoured not 
to lose sight of the original object of the work, which was 
not so much to give a full and complete detail of the facts 
of Organic Chemistry, as to put within reach of the student 
a knowledge of the principles which regulate Organic 
Chemistry, with such facts as ^ere necessity for illustration, 
or else important in themselves. It is a difficult task to 
give, in a small volume, any satisfactory notion of this 
science ; hut I have done my best to attain this end, and I 
have reason to believe that the arrangement I have hitherto 
followed has been found useful to the student. 

It is well known to chemists that Gerhardt has intro- 
duced a modified notation, which will, in all probability, 
come finally into general use. But, as even he has not 
ventured to use it in his Organic Chemistry, I have thought 
it best to adhere to that already in use among us, at least 
for the present. 
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For a similar reason, although Gerhardt has attempted 
to carry out a systematic arrangement, according to groups 
and series, yet he has been compelled to treat many im- 
portant subjects in appendices, as if they had no place ; and 
this clearly shows, in my opinion, that the time for a purely 
systematic classification, though approaching, is not yet 
come. I have endeavoured to prepare the way for sucli^an 
arrangement by pointing out the various relations, hitherto 
unsuspected, which have of late been detected between 
substances apparently remote, and of which more are 
coming to light every slay. 

It is unnecessary to mention in detail the improvements 
made in the present edition ; for there is hardly a section in 
which some new matter has not been introduced, and some 
of the old corrected. But I may mention, among those 
where most has been altered and added, the sections on 
the cthylic radicals and their derivatives ; on the volatile oily 
acids of the formylie series ; on the oxalic acid series ; on the 
oleic, or acrylic acid series ; on the artificial bases ; on the 
natural bases ; and on cellulose and its congeners, starch, 
sugar, gum, &c. 

A few interesting facts, which reached me too lato to he 
inserted in their proper place, have been given in a supple- 
ment, to which the reader is referred for a brief account of 
the discovery, lately made by'llofmaun and Cahours, of the 
acrylic, or rather ally lie alcohol, the type of a new class of 
alcohols, and of its derivatives. 

I beg once moro to express my heartfelt gratitude for the 
very favourable reception which has been given to the 
earlier editions of this work, and to say, that I have done 
my utmost to render the present edition worthy of the 
favour which the work has hitherto enjoyed. 

WILLIAM GREGORY. 

114, Pjunckb Street, Ed in ecu, 

March, I860. 



PREFACE TO THE THIRD EDITION. 


Ik offering to the public a new edition of my “ Outlines 
of Organic Chemistry, for the use of Students,” it is necessary 
to explain why it appears under a new title. 

The last edition, which I had taken the utmost pains to 
render a faithful record of the actual state of the science at 
the period of its publication in 1847, was already of a nature 
and completeness hardly indicated by the term Outlines. 
And the unusually favourable reception it met with, it having 
been adopted as a text book in the Universities of Oxford, 
Cambridge, and Dublin, besides many other schools, has 
proved that the treatment of the subject, and the arrange- 
ment of the work, are such as ir^et and supplied an existing 
demand for an elementary work in a moderate compass. 
These considerations have urged me, on the present occasion, 
to do all that lay within my power to render the present 
edition as^omplete, down to the end of 1851, as the former 
was down to the end of 184G. 

But although the general plan of the work is altogether 
unchanged, yet the very great progress made during these 
live years in Organic Chemistry has not only enabled me, 
but has rendered it imperative on me, to dwell more fully 
than was possible in 1847 <Jn many general principles of the 
most important character, the knowledge of which will very 
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much facilitate the student’s progress. In consequence of 
this, the title of “ Outlines ” would now be still more 
inappropriate than it was in 1847. 

The reader will also find, that, while the work is con- 
siderably enlarged, this is not duo to the accumulation of 
minute details, out of place in an elementary work, but to 
the absolute necessity of taking some notice, however l)#ief, 
of the very numerous and important discoveries of the last 
few years' and of presenting to the reader the valuable 
deductions, so suggestive as they are of further progress, 
which flow from these discoveries. 

F or example, the brilliant discovery (predicted in 1839 by 
Liebig) of the new volatile bases homologous with ammonia, 
by Wurtz, and so admirably followed out by Hofmann in 
the latter part of his splendid scries of papers on the arti- 
ficial bases ; Hofmann’s own most recent discovery of the 
singular class of ammonium bases ; the researches of a host 
of chemists on that striking series of volatile acids begin- 
ning with formic acid and ending, for the present, with 
melissie acid, and on the oils and fats generally; the con- 
tinued discovery of new compounds belonging to the 
Inethylic, ethylie, and amylic series ; the researches of 
Frankland and Kolbe on the radicals of the ethylie group, 
and those of Frankland on the compounds of those radicals 
with metals ; tflose of P. Thenar d on compounds of phos- 
phorus with the same radicals ; the light shed on the doctrine 
of substitution by these investigations, and by those of the 
French school, by Laurent, Gerhardt, Cahours, and others ; 
the admirable monograph on the bile by StrCcker; the 
introduction of hyponitr^us acid as a means of oxidising 
organic compounds by Piria and Strecker ; the minute study 
of the products of decomposition of the albuminous com- 
pounds, by Bopp, Guckelberger, and others; the many 
additional to our knowledge of physiological chemistry by 
Liebig and many other chemists ; and the rapid develop- 
ment of the doctrine of homologous series, as a practical 
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guide in research ; — all these things, and many others, have 
rendered it necessary, even while retaining the original form 
of the work, to re-write almost every section of it, and, in 
most of them, to make large, but absolutely indispensable 
additions. 

Thus, the section on the nutrition of plants and animals, 
at ^he end of the work, has been not only entirely re- 
written, but very much enlarged, although it has been my 
earnest endeavour to keep descriptive details within the 
narrowest limits, and only to enter fuJly into such matters 
as involve general principles. 

One or two alterations have been mado in the arrange- 
ment. Thus, the whole of the volatile acids of the formula 
(Cn lln)a 0±, have been placed together in tins section 
which treats of the ethyiic group of radicals, and of the 
acctylic group derived from them ; and sugar no longer 
forms a supplement toethyle, but is united to its congeners, 
starch, gum, and woody libre. Jn all other respects the plan 
of the work, which has met with so cordial a reception both 
from teachers and students, remains unchanged. 

I have largely employed tabular views as a means of 
illustration, and have added to the work a large table of 
homologous compounds belonging to the radicals ethyl©, 
methyle, <fcc., as well as to aehtyle, formjfte, &c., derived 
from them ; which table, although it extends to 17 vertical 
columns and 22 horizontal ones, is yet but a corner of what 
we might draw up, were we to have a column for every 
homologous series connected with the above groups of 
radicals. There is also anothcr*table of homologous com- 
pounds of the benzoic series. The reader will understand, 
that in both these large tables many compounds appear 
which are still unknown ; but hardly a week passes without 
some new compound being discovered, which at *>nco takes 
its place in the table. It # is a good plan for the student to 
mark with a red lino or cross such of the compounds in these 
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tables as are already known. In the column of the volatile 
acids alone, the whole 22 compounds named in the table are 
known at present. 

I beg leave once more to offer my grateful acknowledg- 
ments for the very favourable reception given to this work, 
and at tho same time to express my anxious hope that the 
present edition may be found, in the present more advanced 
state of the science, to satisfy, equally with its predecessor, 
the just demands of the teacher as well as of tho student. 

The Outlines of Inorganic Chemistry, which forms the 
first part of the work, as hitherto published, is now in 
preparation for the new (third) edition. But it will be 
published, as the Organic Chemistry now is, as a separate 
volume, as soon as it can be got ready. 

WILLIAM GREGORY. 

University oic Edinburgh, 

March., 1852 . 
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ORGANIC CHEMISTRY, 


INTRODUCTORY- 


OiiOANic CnEMTlflCBY is so called because it treats of the sttb- 
stanc s which form the structure of organised beingJ, and of 
their products, whether animal or vegetable, It has long boon 
known, that all organised structures, as well as all the substances 
forme l in or by these, aro, in great part, composed of a very 
limited number of elements; insomuch that a large proportion 
of them may be described as consisting, almost exclusively, of 
only four simple substances, namely, Carbon, Hydrogen, Oxygen, 
and Nitrogen. 

Bdt whilo these four elements undoubtedly constitute the 
chief part of all organised tissues, and while such products as 
woody fibre, sugar, starch, gum, fat, oils, and many organjo acids, 
contain only the first three, that is, Carbon, Hydrogen, and 
Oxygen, wo must not forget that other elements occur in the 
organised kingdoms of nature ; softie of them, such as those of 
Phosphate of Lirno, in large quantity ; and all, whether they 
occur in smaller or greater proportion, as truly essential to 
animal and vegetable life, as the four elements above mentioned, 
the prod finance of which characterises the organic world. 

Thus, no plant can grow, or form oells, or even fibre, without 
the presence of certain mineral or saline compounds, which are 
derived from the soil, and which, when the plant is burned, con- 
stitute its ashes. These are, Potash, Soda, Lime, Magnesia, with, 
occasionally, oxides of Iron and Manganese, as bases ; and Silicic 
Acid, Phosphoiio Acid, Sulphurio Acid, Chlorine, lodinfe, and 
Pluorine, as acids and acid-radicals. 

Again, the juices of all plaats, and more especially their *^oots 
and seeds, contain some one or more of the compound* kr&$Efey 
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the names of albumen, fibrin e, and oaseine. Nowtheso compounds 
oontain small, but absolutely essential proportions of sulphur, 
besides earthy and alkaline phosphates. 

Lastly, the bones of animals contain not only phosphate of 
limo, but also phosphate of magnesia and fluoride of calcium, 
both in very considerable quantity ; and Iron is an unfailing 
constituent of blood. 

To the four elements first mentioned, as constituting the 
chief mass of organio substances, we must therefore add, as 
no less essential, although for the most part in smaller pro- 
portion, the following metalloids, Chlorine, Iodine, Fluorine, 
Sulphur, Phosphorus, and Silicon ; and the following metals, 
Potassium, Sodium, Calcium, Magnesium, Iron, and occasionally 
Manganese. 

It thus appears that the fourteen or fifteen elements which 
constitute the chief mass of the mineral or inorganic world, are 
almost the same which occur in organised matter ; the difference 
being chiefly this, that in inorganic nature the predominant 
elements, nearly in the order of their abundance, are, Oxygen, 
Hydrogen, Nitrogen, Silicon, Chlorine, Sodium, Aluminium, 
Carbon, and Iron, after which follow Potassium, Calcium, Mag- 
nesium, Sulphur, Phosphorus, Iodine, and Fluorine ; while in 
the organic department the order is nearly as follows : Carbon, 
Oxygen, Hydrogen, Nitrogen, Potassium, Calcium, Phosphorus, 
Silicon, Sulphur, Sodium, Magnesium, Chlorine, Iron, Iodine, 
and Fluorine. Aluminium, so very abundant in tho mineral 
kingdom, hardly over occurs in organic compounds, and when it 
does occur, is perhaps accidental. 

The above considerations are sufficient to show, that there 
is no essential distinction to be made between organic and 
inorganie Chewistry, founds on the nature of the elements 
concerned. 

Neither is there any such distinction to be pointed out in 
regard to the laws of combination and decomposition which prevail 
in these different departments of chemistry ; foi^we find the same 
affinities operating; and although organised tissues, Ifiid their 
products, have, in genoral, a more complicated constitution than 
inorganic compounds, containing a larger number of equivalents 
of their elements, and consequently having much higher atomio 
weights, we cannot consider such characters as forming a valid 
ground of distinction. 

But while we should And it very difficult, if not impossible, to 
draw the line between inorganic and organic Chemistry on 
Scientific principles, we may still recognise, for convenience sake, 
a certain distinction, founded, first, on the origin of substances, 
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whether animal and vegetable, or mineral; and secondly, on 
the uniform predominance of carbon in animal and vegetable 
matter. 

In reference to the first point, it is to bo observed, that, although 
the elements concerned are those common to the inorganio and 
organic kingdoms, the compounds which constitute the latter are 
formed under peculiar circumstanoes, suoh as, for the most part, 
cannot be imitated in our experiments. 

It is true that chemistry has succeeded, in some cases, in 
forming artificially certain compounds which occur as products 
of organic life, suoh as Urea, Formic Acid, and Oil of Spiraea. 
But, in the first place, most, if not all of these, require for their 
production the aid of an organic product : thus, Formio Acid 
is produced from Starch, Oil of Spiraea from Salieine; and 
although Urea may be obtained from Cyanic Acid and Ammonia, 
it is doubtful if either Cyanogen or Ammonia can be obtained 
except from organic compounds, directly or indirectly. Secondly, 
it is particularly to be noticed, that we have not yet succeeded in 
forming, artificially, either an organised tissue, or even any one 
of the compounds (albumen, &o.) of which such tissues are 
made. Those organic compounds which have been artificially 
formed, are invariably products of decomposition , or, in other 
words, the excretions or secretions of organised bodios: and 
are far less complex in their constitution than organised struc- 
tures. 

From these facts we draw the conclusion, that certain circum- 
stances, of which the most important is tiie vital force, so modify 
the play of affinities in organised beings, as to produoe the 
compounds usually termed organic, which, so far as they are 
eapablo of entering into the composition of tissues, cannot be 
imitated by art. 

In regard to the second peculiarity of organic compounds, 
namely, the predominance of carbon in their composition, wo 
observe that, as this carbon is united to tlie three gases, 
Oxygen, Hydrogen, and Nitrogen, with each of which it forms 
gaseous compounds, and as, further, the latter elements, among 
themselves, form compounds, such • ns water and ammonia, 
which are also volatile, so the action of heat on organic com- 
pounds is characteristic ; producing combustion of all, save the 
ashes, when there is free access of air ; and charring them, or in 
other words, causing tho separation of part of their carbon, in 
close vessels, while the greater part is dissipated in the form of 
volatile products. 

Here, then, we have a ready tost of organic matter, which 
is so characteristic, that we might almost define Organic 

b 2 
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Chemistry as the Chemistry of suoh compounds as are charred 
when heated to redness in close vessels. There aro very few 
substances, indeed, of organic origin, which do not exhibit this 
character. 

Organio Chemistry has been defined as the Chemistry of 
Compound Radicals ; but, although we must admit the existence 
of many such radicals in Organic Chemistry, wc cannot adopt 
this definition in contradistinction to that of Inorganic Che- 
mistry, is the Chemistry of Simple Radicals, because the recent 
progress of ^science has led, or almost compelled, us to admit the 
existence of compound radicals in Inorganic Chemistry. 

It is, perhaps, worth while to point out that all tho organio 
compound radicals hitherto established, or supposed to exist, are 
compounds of carbon, if we except amidogen, which contains only 
hydrogen and nitrogen. 

It is also proper here to state, that, under tho name of organic 
compounds, many substances are treated of which do not occur 
in native, but which have been obtained by subjecting true 
organic products to various influences : to that, for example, of 
heat, os in what is called the destructive distillation, which 
yields such substances as naphtha, naphthaline, &c. ; or to tho 
action of chlorine or bromine, of sulphuric or nitric acids, of 
alkalies, &o., by all which means whole scricB of new compounds 
are obtained. Lastly, some very interesting and important com- 
pounds aro included under the term organic, which arise from 
the addition of elements not naturally occurring in the organio 
kingdom ; as for example, kakodyle and its compounds, which 
contain arsenic as an essential constituent ; and the very singular 
bases in which zinc, tin, and antimony are added to some of tho 
usual elements of organio alkalies. 

But while, ea has just beeq stated, compound radicals are not 
exclusively characteristic of organic chemistry, wc may still 
derive great assistance from attending to the compound radicals 
of organio chemistry. For while we admit the existence of suoh 
radicals in inorganic chemistry, along with simple radicals, wo 
must bear in mind that all the organic radicals as yet discovered 
are compound, and many o £ them exceedingly oomplox, containing 
three or four elements. 

It is true that we are not yet acquainted with the radicals of 
a very large proportion of organio compounds ; such as the 
principal organio acids, the organio alkalies, &c. But the known 
organio radicals furnish us with the moans of classifying many 
most important substances, just as we classify the oompounds of 
any metalloid or of any metal together. As to those groups or 
series of organio compounds, the radioals of which are not yet 
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known, we can only class them according to analogies of pro 
pertios, of composition, or of both. 

With theso introductory remarks, wo shall proceed to consider 
the known organic compound radicals, and their derivatives. 


COMPOUND ORGANIC RADICALS. 

A compound radical is a substanco which, although containing 
two or more elements, enters into combination with efementary 
bodies as if it were itself elementary, and in ordinary circum- 
stances performs exactly the part of an element. 

We have admitted (Inorganic Chemistry) as probable tho 
existence of inorganic compound radicals, such as SO*, the 
radical of sulphuric acid, and NOo, that of nitric acid. These 
bodies are, in their relations to others, entirely analogous 
to chlorine. Thus we may represent the acids of these three 
radicals, with their potassium and silver salts as follows:— 


j 

i 

Acid. 

r °^ um : Silver Salt. 

f Chlorine : 

11 + OL 

Iv + Cl , Ag Cl 

Radicals < SOt } 

11 + SO* 

IC + SO* Ag -f- SO* 

1 NO. | 

H + NOo ; 

K + N 0. Ag + NOo 


The compound inorganio radicals, {SO* and N0 6 , therefore, 
perform exactly the part of a metalloid of the group of chlorine. 

But there have also been briefly mentioned, in the First Part, 
certain compound organic radicals, which not only exhibit, in 
their relatious, characters analogous to those of chlorine, but 
actually exist, like chlorine, in the separate state, which is not 
the easo with SO* and NOo, these latter being* only known in 
combination. 

The organic radicals hero alluded to aro Cyanogen, Ca N = 
Cy, and Mellow, Ci» His— Mo. They may be compared to chlorine, 
exactly like the two above-mentioned inorganio compound radi- 
cals. Thus, 



Acid. 

Potassium 

Salt. 

Silver Salt. 

f Chlorine Cl 

II 

+ Cl 

K + Cl 

Ag + 01 

Radicals < Cyanogen Cy 

H 

+ Cy 

K + Cy 

Ag + Cy 

L Mellone Mo 

Ha 

+ Me 

Ka + Me 

Ago + Me 


Cyanogen and Mellone are, therefore, radicals of tho nature of 
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the chlorine group of metalloids. The bisulphuret of cyanogen) 
or sulpko-cyanogen, C a N S 3 = Cy S a , although it contains three 
elements, plays the same part as chlorine or cyanogen, and forms 
with hydrogen the acid H -f Cy S a , with potassium (the salt) 
K + Cy S a , and with silver (the salt) Ag -f- Cy S 9 . 

Some compound organic radicals appear moro analogous to 
the combustible group of metalloids, that is, to carbon, sulphur, 
or phosphorus; inasmuch as they form acids with oxygen, or 
rather with the elements of water like those metalloids, and are 
besides capable of entering into combination with chlorine, 
iodine, &c. * Such radicals are, carbonic oxide, C O, or rather 
a polymeric modification of it, Ca O a ; acetyle, C* lf 3 ; and 
fbrmyle, C a H. Each of these may be viewed as the radical of a 
powerful acid ; for C a O a + 0 = C 9 Oa is dry oxalic acid ; C* 
Ha -f~ Oa is dry acetic acid; and C a II -f Oa is dry formic acid. 
Again, the first forms with chlorine the compound C a 0 2 -j- Cl a , 
called phosgene gas or chloro-carbonie acid, while the two others 
yield C* H 3 -f Cl, the chloride of acetyle, and C a H 4- CI3, the 
perohloride of formyl e. 

Further, there are organic compound radicals which play the 
part of metals, forming salts with chlorine, iodine, sulphur, 
cyanogen, &c., and yielding, with oxygon, compounds possessing 
basic properties analogous to those of metallic oxides, Such 
radicals are, ethyle, C* H 5 , melhyle, C a II3, and kakodyle, 
Ci Bfl As, besides others. 


Radical*. 

Oxygen 

Compound. 

Cblorino 

0< >n)|xjund. 

Cyanogen 

Compound. 

H'llplmr 
. Compound. 

Ethyle C* Ha = Ae 

Ae 0 

Ae 01 

Ae Oy 

; AeS 

Methyle Cv Hr» = Mt 

Mt 0 

Mt 01 

Mt Oy 

i Mt S 


Kd 0 

Kd 01 

Kd Oy 

! KdS 


Lastly, there are some compound organic radicals, which 
partake of the characters of the two last groups, forming, liko 
the acetylo group, acids and not basos with oxygen ; but yielding, 
with chlorine, sulphur, cyanogen, &o., compounds analogous to 
those formed by the ethyle group. To this division belong 
Benzoyle, .Ci* Ila O a = Bz ; Cinnamyle, Cm If» O a = Ci ; and 
several others. Benzoyle and cinnamyle, with the addition of 
oxygen and the elements of water, produce benzoic acid, Bz 0, HO, 
and cinnamio acid, Ci 0, HO. This group is characterised by 
forming with hydrogen certain essential oils. Thus, benzoyle 
yields, with hydrogen, the essential oil of bitter almonds, Bz H ; 
cinnamyle yields the oil of cinnamon, Ci H; and salicyle, 
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C 14 H» 0 4 =Sa, another radical of this group, forms with hydro- 
gon, the oil of spiraea, Sa II. 

These brief statements will serve to show that thero are 
different kinds or groups of compound radicals, just as there are 
of simple ones ; and further, that these compound radicals exhibit 
a very remarkable tendency to combine with simple radioals, 
and, in fact, to act the part of elementary bodies. And let us 
hero bear in mind that the only real difference, in this point of 
view, between cyanogen and chlorine is this, that in tine caso of 
the former we can prove the radical to be compound, while we 
eaunot as yet do this in the case of the latter. But* as formerly 
pointed out, wo call chlorine, and indeed all other elements 
simple, only because wo have not been able to show them to be 
compound ; without having any certainty that they are really 
and absolutely simple. If we could not resolve cyanogen into 
carbon and nitrogen, we should be compelled to add it to the list 
of elements. 

But although compound radicals usually act towards other 
bodies as if simple, and consequently combine generally with 
simple substances, they are also capable of uniting with each 
other. In fact, this is but another proof of their close resem- 
blance to elementary bodies in their relations ; for as simple 
metals, such as potassium and silver, unite with cyanogen just as 
with chlorine, so also such compound radicals as are analogous 
to metals can combine with cyanogen, itself a compound radical. 
Thus ethyle, methylo, benzoyie, and kakodyle, all combine with 
cyanogen, yielding compounds formed of two organic radicals, 
one playing the part of a metalloid, the other that of a metal. 

Compounds of this nature furnish the very best proof and 
illustration of the advantages which we derive from the doctrine 
of compound radicals, acting like elements, whenever wo are 
justified by facts in adopting and applying it. Thus a compound 
has been formed by the mutual action of a compound of kakodyle 
and a compound of cyanogen, the analysis of which proves that 
it contains carbon, hydrogen, nitrogen, aud arsenic, in tho relative 
proportions indicated by tho formula Co 1I 0 N As. What view 
are we to take of such a formula ? jpd if we look on the com- 
pound as one formed of these lour elements indiscriminately 
united, how are wc to retain such an isolated fact in the memory ? 
But if, on the other hand, we view it as the cyanide of kakodyle, 
=C*]r<, As -f- CaN, or using tho abbreviated notation appropriate 
to compound radicals, Kd Oy , wo arc at once enabled to retain 
the composition and chemical relations of the compound. More- 
over, when we find that the radical, Kd (= C* He As) exists in 
a separate form, and that it forms, with oxygen, two compounds, 
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Kd 0 and Kd Oa; with chlorine, Kd Cl; with sulphur, Kd S; 
and that, in short, it plays the part of a metal in all its com- 
pounds, and may in fact ho separated from some of these by 
metals having stronger affinities than itself, we arc supplied with 
an idea which serves to connect and to iix all these and many 
more analogous facts in the memory. 

When we further observe, to pursue tho same example, that 
the cyanide of kakodyle, Kd Cy, when acted on by hydrochlorio 
acid, giveft rise to hydrocyanic acid and chloride of kakodyle ; and 
that, when s^cted on by potash, it yields cyanide of potassium and 
oxide of kakodyle, wo acquire so many additional proofs of the 
entire analogy between simple and compound radicals in their 
relations to other bodies. For the two changes or reactions 
above mentioned are expressed bv the equations, Kd Cy + II 
Cl ss Kd Cl + II Cy ; and Kd Cy + K 0 = Kd 0 + K Cy ; and 
these equations are exactly similar to thoso which occur most 
frequently in inorganic chemistry. 

The facts already ascertained with regard to thoso compound 
organic radicals, whose existence has been either established, or 
rendered highly probable, entitle us to conclude that all organic 
compounds contain one or more organic radicals, combined either 
with each other, or with elementary radicals. In studying, there- 
fore, any organic product, one chief object is to determine what 
organic radical or radicals it contains, since the kuowlcdgo of 
these at once gives us a means of classification. 

Thus alcohol, on tho theory of compound radicals, is considered 
as the hydrated oxide of cthyle ; ethyle being an organic radical, 
C<* II 5 . So that alcohol, C* Ho O a , is more accurately repre- 
sented as (C* Ha) 0 -f* II 0 ; or, if we represent ethyle, C* H 5 , 
by Ae, then alcohol becomes Ae (), HO, hydrated oxide of 
ethyle ; perfectly analogous Jo K 0, H 0, hydrated oxide of 
potassium, or caustic potash. 

Again, benzoic ether, CjgHiotX*, is viewed as benzoate of 
oxide of cthyle, C* II B 0 -f CY* Ha Oa ; or, more briefly, Ae 
0 H- Bz 0. Hero wo have tho basic oxide of onb radical united 
with the acid oxide of another. 

It is often by means oft thus tracing the different organic 
radicals, that we arc enabled to explain the very numerous cases 
of isomerism, which occur in organic chemistry. Thus the follow- 
ing compounds have the same composition in 100 parts : — 

Aldehyde . . . . CtILOa 

Acetic Ether . . . . Oa Ha 0* 

Butyric Acid. . .# , CallsO* 

Now, aldehyde is considered to be the hydrated protoxide of 
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acetyle, (0*11$) 0 -f H 0 ; or, abbreviated, Ac 0 , II 0. Again, 
acetic ether is acetate of oxide of etliyle, 0*li 3 0 + 0.*11 3 Oa; 
or, shortly, Ao 0, Ac 0 3 ; the dry acetic acid, Ac 0 3 = ((’* H 3 ) 
0» being a peroxide of the samo radical, acetyle, (C* 1I 3 = 
Ac) of which aldehyde is the protoxide. Lastly, butyric acid is 
considered (on the older view of acids) as a hydrated acid, a 
compound of water with dry butyric acid; thus, H 0 -f C» 
H 7 0 3 . It is true that, in the lattor case, we are not yet 
acquainted with the true radical of butyric acid ; but We cannot 
doubt that, like acetic acid, it does contain a radical, butyryle, 
('« H 7 . These three compounds, therefore, may now he repre- 
sented and distinguished as follows ; — 


Empirical Formula. Rational Formula. 

Aldehyde . . 0> IU O 2 = (Chib ) 0 +110 

Acetic Kther , IL 0* — (Ok Ho ) 0 + (C* Ila) O 3 

Butyric Acid . C# lb O* = (C« H 7 ) On + HO 

Even in those cases in which the composition of the radical 

is not known, or not known with certainty, we can often trace 
the radical with much probability. Thus, dry oxalic acid, 
C a Os, and dry mollitio acid, 0 * 0 3 , may be viewed as different 
compounds of the simple radical carbon, the latter containing 
just twice the proportion of carbon to the same quantity of 
oxygen that the former does. This is merely stated by way of 
illustration ; for, it is at least equally probablo that the true 
radical of oxalic acid is Oa Oa . 

But in the following four ac:ids we may trace, theoretically, 
tho same compound radical, namely, formyle, = C a II, in com- 
bination with different proportions of oxygen. Here C 2 H is 
also represented by Fo. 

Formic Acid * . (Oa II) -f- Ua = Fo Oa 
Succinic Acid . C*IIaOa “ 2 (Call) + 0* = FoaOa 
Malic Acid . . CMIaO* = 2 (Call) + 0+ = Fo*0* 

Racemic Acid . C* II* 05=2 (Oa H) + Os = Foa Oj 

These relations, although as yet only to be traced in the formula?, 
arc yet not without interest, and nmy, at all events, serve to aid 
the memory, and explain decompositions. 

In like manner, it may bo observed, that the following acids 
all contain, as hydrates, 4 oq. of oxygen : and all likewise the 
same number of eqs. of oarbon as of hydrogen. And it is most 
important to remark, that tho wholo of this series of acids 
possess analogous properties. All are volatile, all but tho two 
first are oily, and their fusing and boiling points rise, as the 
number of equivalents of carbon and hydrogen increases. We 
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shall see that this is not the only series of the kind in organic 
chemistry. 


Volatile and Oily Acids of the General Formula (Ca Hs ) » O* . 


1. 

Formic Acid . 

, . 


= Ca Ha 0* 

2. 

Acetic 



= Q* H* Oi 

3. 

Propylic 

. . 


r= Co Ilo O* 

4. 

Butyric 



= C* II* 04 

5. 

Valerianic 

. 


“ C 10 II 10 0* 

6. 

*Caproic 



= Ol* II 12 0* 

7. 

(Eeanthylic . 



= 0l* Hi 4 Ot 

8. 

Caprylic 



— Cia Him 0* 

9. 

Pelargonio 



ZZ. Ci s Him 0* 

10. 

Oapric . 



zzz Ceo II 20 O 4 

11. 

Margaritic 



— Caa Haa <>4 

12. 

Lanrostearic 



n: Cat H 24 O* 

13. 

Oocinic . 



zz: (Jan II 20 O 4 

14. 

Myristic 



=: (hw II“» ()♦ 

15. 

Benic , 



ZZ Oao H :$o 0+ 

10. 

Rthalic • 



“ Ona ILa O 4 

17. 

Margaric 



= Oa 4 Ihi 0* 

18. 

Basric 



= Oao Hum Oj, 

19. 

Bale nic 



~ C/3» H im 04 

20. 

New Acid 

. , 


= C*o 11,0 0* 

21. 

Behenio . 

. , 


~ (j>2 H 12 O 4 

22. 

Cerotic 

. 


ZZZ Or.* II:. t 0+ 

23. 

Melissio . 

. 


ZZl C’ho lino ()* 


Here we may suppose the radical of the iirst acid to have been 
changed by tbo successive additions of 2, 4, (>, 10, or 20, or more 
cqs. of carbon and hydrogen, the oxygen remaining unchanged. 
Or we may as readily suppose one of these acids, by losing 
oxygen, to pass into another. Thus we may either conceive 
butyric acid to* be formed from aeotic acid by the addition of 
C* H* ; or acetic acid to give rise to butyric acid, by losing half 
its oxygen ; for 2 (C* H* 0* ) = Cs IIs Os ; and C» If s Os — 
O 4 =s: Os 11a 0* . 


When compound organio radicals, or their compounds, are 
subjected to powerful decomposing agencies, they teud to produce 
new and less oomplex radicals. Thus, when alcohol, the hydrated 
oxide of ethyle, is oxidised, it gives rise to aldehyde and acetic 
acid, which are compounds of acetylo, C* H», a less complex 
radical than ethyle, C* Hs . Further, when organic compounds 
are decomposed by a strong heat, they tend to produce compounds 
of simple radicals, such as carbon or hydrogen, or, at most, of the 
least complex radicals, such as cyanogen, Ca N, and amidogen, 
N Ha * These are principles of very general application. 
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It may hero be observed, that while, in such cases as the 
supposed conversion of acetic into butyric acid, by the loss of half 
its oxygen, the change is from a less complex to a more complex 
organic compound, and while wo can hardly doubt the possibility 
of such a result, yet the oxidation of a compound radical, that is, 
the addition of oxygen, appears always to produce loss complex 
radicals or compounds, 

It is often urged, as an argximent against tho doctrine of 
compound radicals, that these supposed radicals arc? entirely 
imaginary and cannot be produced. Now, it is true .that a largo 
proportion of those, whose existence is best attested, have not yet 
been obtained in tho uncombined state ; and it is even probable 
that some of them are only capable of existing, or rather of being 
preserved, when combined. Hut tho argument founded on this 
fact has no cogency ; for, in the first place, some organic radicals, 
such as cyanogen and kakodyle, arc well known in the separate 
state. Now cyanogen and kakodyle are, in all their relations, 
exactly analogous, the former to chlorine, the latter to a metal ; 
and, if we were unable to demonstrate their compound nature, 
their chemical relations would compel us to classify cyanogen as 
an element along with chlorine, and kakodyle along with the 
metals ; and when we see whole series of organic compounds, in 
all respects analogous to those of cyanogen and kakodyle, wo are 
entitled logically to draw the conclusion that these compounds 
contain similar compound radicals, even although we cannot 
isolate them. Secondly, in every chemical theory yet broached, 
many substances are admitted whoso existence cannot be directly 
proved ; but it frequently happens that the progress of discovery 
reveals the existence of such originally hypothetical bodies. Thus, 
tho so-called anhydrous organic acids were, almost without excep- 
tion, unknown in the separate states they were eqwully imaginary 
with the radicals whose existence is doubted, lint, us w r e shall 
sec, Gerhard t, by the action of perchloride of phosphorus, has 
recently obtained a large number of these very anhydrous organic 
acids. Moreover, many inorganic acids aro hypothetical. Anhy- 
drous nitrio acid has only very recently been discovered, and no 
one doubts tho existence of hyposulphurous acid, which yet has 
never been separated, either as a hydrate, or in the anhydrous 
state. Lastly, the progress of research is daily adding to the 
number of radicals known in the sopnrato form. Within the last 
two or throo years, ethylo and five or six other radicals of tho 
same class, or at least bodies of the same composition as these 
radicals, have been discovered^ besides several entirely new classes 
of radicals. 

We conclude, therefore, that organic compound radicals exist, 
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and generally play the part of elements ; and we shall avail 
ourselves of their existence, as far as it is established, to facilitate 
the study, the classification, and the retention in the memory, of 
organio compounds. 

THEORY - OP CHEMICAL TYrES. — DOCTRINE OF SUBSTITUTION • 

The original and ingenious researches of Laurent have led to 
the adoption of what is called tho Theory of Types and the Law or 
Doctrine of •Substitution, which have been supported, and in a 
great measure established, by Dumas and other distinguished 
experimenters of tho French school. The views of Laurent and 
of Dumas were, for a time, vehemently opposed by some chemists, 
especially by Berzelius and Liebig ; but although they have in 
some points been modified and restricted, the progress of discovery 
has gradually led to their general reception, so that some of the 
most striking illustrations and proofs of the law of substitution 
have been discovered by Dr. Hofmann, when assistant to Baron 
Liebig, and working under his eye. 

As the subject, therefore, is no longer purely controversial, it 
Would bo wrong to omit it in an elementary work, more especially 
as the doctrine lias now taken such a form as to facilitate very much 
tho study of organic compounds and of their metamorphoses. 

It is not easy to define a chemical type ; but in inorganic che- 
mistry wc may say, for example, that one principal type is that of 
water, H (), in which one equivalent of an electro-positive element 
is united with one equivalent of an electro -negative element. Of 
this great type, which is also prevalent in Organic Chemistry, there 
are many forms or classes. Thus, hydrochloric acid, li Cl, is the 
type of a very numerous class of acids, the character of which is 
that they contain hydrogen uiyted to a salt radical. 

If for chlorine we substitute iodine, bromino, &c,, or even 
cyanogen, the type remains unchanged, tho compound is still an 
acid, analogous to that which was selected as the type. 

Again, common salt, Na Cl, is the typo of a vefy large series of 
salts, in which a metal is united with a salt radical j and if we 
substitute potassium, lead,*or silver for the sodium, the type is 
unaltered ; we obtain a different salt, but still a salt of the type 
represented by Na Cl. 

Here, then, wo have the simplest typos and the most obvious 
oases of substitution ; when iodine or cyanogen is substituted for 
chlorine in the acid type ; or when potassium, lead, or silver is 
substituted for sodium in tho salt type ; in both cases without the 
loss of the type. 

Nay, in tiie salt type, represented by Na Cl, we may not only 
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replace sodium by other metals, but wo may also substitute 
iodine, bromine, &e., or cyanogen for the chlorine, and still the 
type will remain unchanged. Iodide of sodium, Na I, bromide 
of magnesium, Mg Br, and cyanide of silver, Ag Cy, are all as 
good examples of the salt type, represented by Na Cl, as common 
salt itself is. 

The whole of the compounds just alluded to are of the type of 
water, but this is not the only great type or series of types ; for 
we have the type of ammonia, N , to which belong, irt inorganic 
chemistry, various compounds of nitrogen with metajs, and which 
is still more frequent in organio chemistry. 

Chemists have very recently come to be of opinion that many 
phenomena are bettor understood by giving to the chief types a 
somewhat different form. Thus, tho typo Metal is now often 

represented by j j j , hydrogen having all the chemical relations 
of a metal, and being tho representative of metals. Tho typo 
Water then becomes jj ^ j ; the type Acid becomes | > hy- 
drochloric acid being tho representative of acids ; and the type 

iL ) 

Ammonia is thus written N II > . It is found that by using 

H ) 

such formula? or symbols, many changes are more easily expressed 
and understood. Wo shall frequently use them. 

So far as inorganic chemistry is concerned, the study of types 
would serve generally to confirm and establish tho electro- 
chemical theory. At all events, we are not as yet acquainted with 
many exceptions to it ; we do not usually fiud oxygon or chlorine 
occupying the place of A in a compound, or a metal playing the 
part of x. Even in inorganic chemistry, however, there are some 
examples of such interchanges. •Manganese in* manganic acid, 
Mn Os, and chromium in chromic acid, Cr O3, obviously represent 
the sulphur in sulphuric acid ; and tho manganese in hyperinan- 
ganic acid, Mm O7 , represents the chlorine in perchloric acid, 
Cl O7 ; while, in its other compounds, manganese acts as a metal. 

In inorgan io chemistry, many substances, at first sight not 
referable to the few types just namdfl, are easily referred to them. 
Thus Oil of Vitriol, HO, S 0 * , or H, SO* , is of the type Acid, and 
may be shown to be so by the second of the formula) here given, 
in which SO* takes the placo of Cl in hydrochloric acid. But it 

may also be referred to the type Water | > thus g() a Q j > in 

which sulphurous acid, SOa, has taken the place of one of the 
eq. of hydrogen, or what comes to the same thing, anhydrous 
sulphuric aoid, SOa , is = SOa , O. 
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In like manner, in organio chemistry, most compounds ean be 
referred to one or other of the chief types. For example, Ethyle, 
like hydrogen, is analogous to metals ; and its formula, C* H«, is 

easily referred to the type Metal, g > thus, ^ ^ > where one 

of the atoms of hydrogen is replaced by C* H* . 

But the researches of Laurent and l)umas have shown that in 
organio ohemistry the substitution of one clement for another, 
even whete the type is retained, is not limited by the eloctrioal 
character of the elements. Thus, in acetic acid, H 0, C* Ha Oa , 
the 3 eq. of hydrogen in the anhydrous acid may be replaced by 
chlorine, giving rise to the compound H 0, C*. Cla Os , in which 
the type is so little affeoted, that this substanoe, chloraoetio aoid, 
has properties highly analogous to thoso of acetic acid. Here it 
is evident that the chlorine performs the same function as the 
hydrogen which it replaces did ; and not, as in hydrochloric aoid, 
an opposite function. 

Again, in aldehyde, (C* H s ) 0-f H 0, the 3 eq. of hydrogen in 
the radical C* Hs may be replaced by 3 eq. of chlorine, and we 
then have chloral, (C* Cls ) 0-f- II O, a body of the same type as 
aldehyde. 

Such cases of substitution of chlorine (iodine, bromine, &c.) 
for hydrogen, and even Of oxygen for hydrogen, without change 
of type, are very frequent ; and it is this kind of substitution, so 
adverse to the electro-chemical theory, which is included in the 
theory of substitutions of Laurent. Those more usual substitu- 
tions, where one body is replaced by another of similar electric 
character, may be viewed as so many examples of the doctrines of 
equivalents, the replacing body being equivalent to that for whioh 
it is substituted, on the electro- chemical theory. 

Adopting, thfcn, the views of Laurent, wo are compelled to 
admit that the electro-chemical theory fails when applied to cases 
of substitution of chlorine for hydrogen, &o., where the type 
remains unaltered. This is clearly the case in acetio and 
ohloraoetic aoids ; and Hofmann has shown that ir? certain basic 
organio compounds, hydrogen may bo replaoed by chlorine, 
bromine, iodino, and even nitrous acid, while the new compound 
retains the basic type and characters. 

The recent discoveries of Wurtz and Hofmann have taught us, 
moreover, that the hydrogen of ammonia may be partially or 
entirely replaced, by oertain compound groups, or compound 
radioals, such as methyle and ethyle already mentioned, and 
others which belong to the same series, but stand higher in the 
eoale, while the resulting compounds* retain the basic character; 
and those which stand nearest to ammonia have bo great a 



DOCTRINE' OP SUBSTITUTION. 


15 


resemblance to it, as to have been frequently taken for ammonia, 
and thus overlooked, when occurring accidentally. These vory 
remarkable and important discoveries have already thrown muoh 
light on the constitution of organio bases, and will bo more fully 
explained when treating of that class of compounds. Hero we 
shall content ourselves with giving a short tabular view of some 
of these substitution- compounds, as they are called, which, being 
derived from ammonia, retain the type and chemical relations of 
that compound. 

Radlqfil replacing 

Ammonia Hs N = N, H H H 1 cq. of Hydrogen. 

Methylamine C* H»N = N,HH Me Me = Oa Ha 

Ethylamine C* H 7 N = N, H II Ae Ae = C* Hi 

Propylamine Co H* N = N, H H Pr Pr =: Co Ha 

Butylatnine Cs Hu N = N, II H Bu Bu = Cs Ha 

Valerainine CioIIisN = N, II H Va Ya = Cu>Hu 

Caprotylamine C12 His N = H, N H Cpo Cpo =r Oia His 

The above bases aro known already. The two iirst are gases 
pungent and soluble in water, like ammonia. The rest are oils, 
becoming less volatile as we rise in the number of oqs. of 
carbon and hydrogen, but all basic. It will bo seen that they 
correspond, in the radicals or groups which replace 1 eq. of 
hydrogen, with the series of radicals ' of which methyle and 
etliyle are the two first, and through these, with that other 
series of acid radicals, derived from them, of which Formyle and 
Acetyle are the two first, and which may bo traced in the table of 
volatile acids given at page 10. 

But this is not all. For not only may one of the three eqs. of 
hydrogen in ammonia be thus replaced by the above six radicals, 
and no doubt by others of the same series, higher in the series, in 
which, as will be seen, 0 a H a is added at every st#p ; but two or 
even all three eqs. of hydrogen may be replaced, either by the 
same or by two or three different groups or radicals of this 
scries. This has been demonstrated by Hofmann, who lias 
produced a laige number of new bases in this way. Thus 
we have 

Ethylomethylamine Co flo N = N, II Me A© 

Ethylopropylamine C10H15N — N, II Ae Pr 

Methylopropylatuine Ce» Hu N = N, H Me Pr 

Ethylobuty] amine Ci* Hi® N = N, H Ae Bu 

Diraethylamine 0 * H7 N = N, H Me Mo 

Diethylamine C» Hu N = N, II Ae Ae 

Triethylamine Ci*HmN = N, AeAeAe 

Rthyloinethylopropylamite Cia Hie N = N, Me Ae Pr 

And other groups, belonging to different series, may bo employed, in 
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the same way, to replace the hydrogen of ammonia. Thus, aniline, 
Ci* Hi N, is ammonia, in which 1 eq. of hydrogen is replaced by 
phenyle = C J9 H 6 , instead of methyle or ethyle. And phenyle 
is one of a series of which several others are known. Hofmann 
has produced bases, in which the hydrogen is replaoed, partly by 
phenyle, partly by ethyle, &e., as will be explained in the section 
on Artificial Organic Bases. He has also shown that the replacing 
group or radical may itself be changed by substitution, and yet 
continue 4o replace hydrogen, without destroying the type of the 
compound. Thus, in aniline, a base in which one of the three 
equivalents of hydrogen in ammonia is replaced by phenyle, one, 
two, or even three, of the equivalents of hydrogen in the phenyle 
itself may be replaced by chlorine, bromine, or iodine, and one 
has been replaced by nitrous acid. 

When we can thus trace groups, such as those of methyle, 
ethyle, phenyle, and others, replacing hydrogen, we have not 
only examples of substitution without destroying the type of 
the compound, but we have also an additional argument for the 
existence of organic compound radicals; these groups being, in 
fact, such radicals. 

We have now seen that substitution without change of type 
occurs both in acids, in bases, and, as is proved by the oases 
of aldehyde and chloral, in neutral compounds also. 

Hero, then, is a fact of very general occurrence, which not 
only proves that the elcctro-chemical theory of combination is 
inapplicable, at all events in many cases, but also tends to 
establish a very different view: namely, that tho electric 
character of an element is no permanent or essential property; 
and that the type or character, or general properties of a com- 
pound, depend, not only on the nature, but very much ou the 
arrangement of its elementary atoms : on tho way in which they 
are grouped to form the compound molecule. 

In the section on Isomorphism (Inorganic Chemistry), the 
principle was laid down that the crystalline form of certain 
types of salts, such as the alum-type, as well^ as many other 
properties of the compounds having those types, were the result 
of the similar grouping of analogous elements . Wo now see that, 
according to the law of substitution, as deduced from numerous 
careful observations, similarity of properties, or identity of type, 
is the result of similarity of grouping, even of elements not 
analogous, nay, of elements electrically opposed to each other. 
It is evident, therefore, that the arrangement of the elementary 
moleoules to form the compound molecule is the circumstance on 
whioh depend almost exclusively the properties of the compound, 
or, ha other words, the character of the type. 
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Substitution, as has been already stated, may be either com* 
plete or partial. In ohloracetio acid, and in chloral, the substitu- 
tion of chlorine for the hydrogen of the radioal acetyle C\ Ha is 
complete. But when ether, (C* Hs 0) is acted on by ohlorino, 
the substitution takes place by successive stops, ono equivalent of 
hydrogen being replaced at a time, after the oxygen has also been 
replaced by chlorine. Thus we have, first — 


Ether or oxide of ethyle = 

(0* 

Hs) 

+ 

0 

then, chloride of ethyle = 

(C* 

IL) 

4 

01 

then, successively, 

c* 

/H* 

101 

+ 

Cl 


c* 

f Ha 
\ Cla 

+ 

Cl 


C4 

r Ha 
\Ch 

+ 

Cl 


C 4 

JIl 

\ CL 

+ 

Ci 

and lastly, 

((hi 

Bb) 

+ 

Cl 


We thus obtain the scries of compounds here indicated, in whioh 
tho hydrogen is gradually replaced by chlorine, until at last we 
obtain the compound ( C * (Ta)4- C1=C* 01«=2 0j (Tj, which is 
the perchlonde ot carbon. Most of these compounds have actually 
been obtained j and it is obvious that they may all be referrod to 
one type. Such a series is called a series of mechanical examples 
of the type in question, or rather of subtypes retaining the original 
character although modified. 

In some cases, hydrogon has been replaced partly by chlorine 
and partly by bromine, as we have seen it may bo partly by 
mothyle and partly by ethyle, &c. Laurent has described two 
compounds derived from naphthaline by substitution, the empiri- 
cal formula for both of which is the* following * — W 20 H% Cli Br. 
Yet the propeities of these two compounds are quite distinct, and 
it is certain that this difference of properties must depend on a 
difference in the arrangement of tho elements. Now, in the for- 
mation of these Iwo compounds we have a very beautiful proof of 
the existence of a difference in the arrangement : for one is pro- 
duced when chlorine acts on the compound called by Laurent 
bronapht^se, C 20 Ila Bra ; while the other is formed when bro- 
mine is made to aot on chlonaphtise, Cao Hs Cla . It is obvious 
that in the first case 2 eq. of hydrogen and 1 eq. of bromine are 
roplaeod by chlorine ; while in the second, 1 eq. of hydrogen is 
replaced by bromine. While, therefore, all four compounds may 
be deduced from the type Cao Hs , and while both tho bromine 
and chlorine play the part of hydrogen, it is impossible to doubt 
that each of the 8 eq. of hydrogen has its special place in the 

0 
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compound molecule of the type, and* that, in the two empirically 
identical formulae above given, the 1 oq. of bromine does not 
replace the same eq. of hydrogel, and consequently the bromine 
occupies in the two compounds different positions. The same 
remark applies to the 3 eq. of chlorine. 

“We may illustrate our meaning as follows : — Let Cao He be 
the type, and let each of the eqs. of hydrogen have a number 
attached indicating its place in the typical molecule. “We shall 
then have* 


Cao 


{ 


Hi Ha H3 H* 
Ha Ho H; Ha 


} 


*Now, if wo represent the two compounds above mentioned in the 
following manner, we can then conceive the influence of arrange- 
ment on the properties of two compounds having the same empi- 
rical formula. The first may be 


C20 ■ 


and the second may be 


Cao 


riTi Ha IL H* 1 
l Cla Cle CI7 Bra J 

f Hi n* H3 Br* \ 
IClo Cla Ch Ha f 


It is only on this principle that we can explain the facts observed 
by Laurent ; and it is easy to seo that tho above type, C20 Hs , 
will admit of innumerable modifications ; for even tho subtype, 
C20 IL CI3 Br, is capable of yielding many more than tho two 
above given ; and the change of 1 eq. produces a new subtype, 
equally fertilo in new forms. 

In fact, Laurent has actually obtained, as will be shown further 
on, a very large number of what wo have called subtypes from 
the types C20 Il« , which is naphthaline, and has established the 
same law in reference to many other types. 

Tho samo law, 110 doubt,* applies to the bases derived from 
ammonia by substitution, many of which, as may be seen in the 
tables above given, are isomeric, or have the same empirical 
formula, from a difference in the replacing groups,, as diethylamine 
and methylopropylamine, both=Ca Hu N. But we may also 
have cases where the replacing group is tho same, but occupies 
a different plaoe in the compound molecule. Perhaps aniline and 
picoline, both Cxa II7 N, aro examples of this. Jlofmann, how- 
ever, has lately found that no difference of properties could be 
observed in two bases, formed in different ways, and in which this 
principle might have acted. They were identical. 

The preceding observations will, I trust, be found sufficient to 
convey a clear general notion of the prevalent doctrines of chemical 
types and of substitution, as applied to Organic Chemistry. It 
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is evident that the faots of substitution are of great interest, and 
not only onablo us to olassify and to remember numerous com- 
plex faots, but promise to throfa much light on the molecular 
constitution of compound bodies. But while admitting the im- 
portance of the dootrine of substitution, it is necessary to point 
out that the French chemists appear to have gono too far in 
assuming that this doctrine is incompatible with that of compound 
radicals. It is oertain that some compound radicals exist, and it 
is no less certain that by assuming their existence in other casos, 
we very much facilitate the study of many important series of 
compounds. Let us, therefore, avail ourselves of that whioh 
appears well founded in both dooirines, since there appears to be 
no reason why tho one should be opposed to the other, 

homologous series oe organic compounds. 

We have already had occasion to speak of certain remarkable 
series of compounds, such as that of the volatile oily acids, given 
at p. 10. The recent progress of Organic Chemistry has shown, 
that such series frequently occur ; nay, Gcrhardt has founded on 
them his arrangement of organic compounds. But although it 
is more than probable that all may one day admit of being thus 
classified, at present little or nothing would be gained by adopt- 
ing that arrangement, which cannot yet he carried out. Yet the 
properties of such groups or series as are obviously homologous 
are so strikingly analogous, that it is necessary for tho student 
of Organic Chemistry to bo acquainted with those which are best 
known. 

A series of compounds is called homologous, when each member 
of the series differs from the others, either by a oertain number 
of equivalents of carbon and hydrogen, or by a^nultiple of it, 
and when tho properties of these different compounds, although 
entirely analogous, differ in degree, and that in proportion to tho 
amount of carbon and hydrogen. 

To take an example, pyroxilic spirit, alcohol, and oil of potato 
spirit are three bodies belonging to a homologous series. They 
are homologous to each other. Let u| examine their formula). 

Methylic Alcohol is Ca H* Oa 

Alcohol is 0* Ho Oa rzr Ca H* Oa + Ca Ha 

Propylic Alcohol is Co H* Oa = Ca II* Oa + 2(CaH*) 

Butylic Alcohol is C» HioOa ~CaH<Oa+ 3(CsHa) 

Axnylic Alcohol is C 10 Hia Oa = C 2 II* Oa + 4(Ca Ha) 

In this table it is seen that methylio alcohol and alcohol differ 
by Cs Ha ; and that, at eaoh step higher in the scale, Ca Ha is 
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added, so that methylio and amylio alcohols differ by Ce He® 
4 times C* Ha . The third and fourth compounds, propylio and 
butylic alcohols, have only very recently been discovered, but their 
existence had long been predicted. 

Now, every known member of this series has analogous pro- 
perties : they are neutral, volatile bodies, liquid in the lower part 
of the scale, above given, but solid and fusible in the higher parts 
where the ^carbon and hydrogen are in larger proportion. They 
are, in short, alcohols. They all yield ethers, bearing the same 
relation to the^ respective alcohols as ether does to alcohol. They 
all, when oxidised, yield volatile acids, bearing to the respective 
alcohols the same relation as formic acid to pyroxilic spirit, acetic 
acid to alcohol, and valerianic acid to oil of potato. In these alcohols, 
the boiling-point rises a certain number of degrees, about 34° F., 
for each Ca Ha added. Tho melting-point of these alcohols rises 
& eaoh step in the series, but tho precise amount of this rise has 
not yet been ascertained. The fact is well seen in these members 
of the series which, from being high in it, are solid at ordinary or 
at low temperatures. Common aloohol is not yet known in tho 
solid state, but has been reduced to f* thick oily stale by a very 
intense cold. The density of the vapours of these alcohols also 
varies according to a fixed law, rising as the amount of Ca Ha , 
which is added at each step, increases. The density of the vapours 
varies also according to a fixed law. 

It will bo observed, that the ethers and tho volatilo acids, 
derived from these alcohols, form also homologous scries, differ- 
ing from each other by Ca Ha, or by multiples of Calla. And 
every derivative of pyroxilic spirit, which is the beginning or 
starting-point of tho series, is the starting-point of a parallel 
series, in which the composition varies as in the first ; whilo the 
properties, analogous in each jaeries, yet vary in each in degree, 
according to a fixed law, as the amount of Ca Ha increases or 
diminishes. 

When a homologous series is once ascertained in a few of its 
members, the ultimate discovory of the rest maybe safely pre- 
dicted. In the series of aleohols, few are yet known ; besides the 
five above mentioned, not more than five or six others, much 
higher in the scale, some of which are of very recent discovery. 
The Bame is true of the ethers. A few years ago, only two of the 
acids of tho series derived from alcohols by oxidation were 
recognised, namely, formic and acetic acids. Bat that series of 
aoids is now complete up to 40 eqs. of carbon, inclusive ; and 
three arc known beyond that point, the highest in the scale yet 
discovered containing 60 eqs. of carbon. 

It will be observed that Hie few homologous series above 
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alluded to, have been discovered simply by the analysis of the 
substanoes, and are therefore expressions of fact. It is certain 
that the alcohols, the ethers, and the acids of these different 
series differ, in each series, by Ca Ha , or multiples of it ; and 
that in eaoh series the properties of all the members are ana- 
logous, yet differ in degree. We cannot doubt, therefore, that 
the difference in properties, so regular and graduated in eaoh 
homologous series, depends on the equally regular an£ graduated 
addition of Ca Ha to the preceding molecule. 

Now, if we arrange, in a horizontal lino, the lowest members 
of the different series— of tho alcohol series, for example, the 
ether series, or the acid series — we have only to add, under eaoh, 
in a descending vertioal column, Ca Ha at each step, to obtain 
the composition of the whole possible members of each series up 
to 40, 50, 60, or 100 eqs. of carbon. And the principle of such a 
table is so simple, that any one who has the first horizontal line 
can fill it up at once. 

If we take the case of alcohols, we have seen that ethers and 
volatile acids are derived from them. But there are many more 
derivations, each of which finds its place in the horizontal line, 
and is the beginning of a vertical or homologous series. Of 
oourse, tho compounds in any horizontal column, being derived 
from one, such as alcohol, are not analogous to each other, but 
totally different in properties. But the whole members of any 
vertical series, in our supposed table, are so analogous as to 
be included under the same name, and under ono general 
formula. 

Now alcohol is not the true, theoretical foundation of the 
horizontal series derived from it, nor is ether, but rather the 
supposed radioal of both, in this instance ethylo, and in the case 
of pyroxilio spirit, whioh is lowest^ in tho scale, n*ethyle. 

The first or fundamental horizontal oolumu will contain, 
therefore, methylc and its derivatives ; the next, ethyle and its 
derivatives ; standing immediately under the former, with which 
they are, in eaoh vertical oolumn, homologous. It is evident that 
the number of vertioal or homologous series depends on that of 
the derivatives in the first horizontal one. 

Now the derivatives of methyle are very numerous, and each 
is the starting-point of a series of homologous compounds. In 
the table, here appended, we have selected a few of the most 
important, extending to seventeen members or derivatives in the 
horizontal line, and consequently seventeen homologous series in 
the vertical columns. 

At the head of eaoh vertical column we have placed the general 
formula under which its members are included. These general 
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fotmtdee would alone suffice to enable any one to construct tho 
whole' table. 

In these general formulae, & is used to signify any given 
number of equivalents, and in this table, as well as generally, it 
stands for an even number, such as 2, 4, 6, 8, 10, &c, If the 
number of equivalents of hydrogen exceed that of those of 
carbon by 1, then we write Cn Ho + i , if it fall short by 1, we 
write Cn Qn — i, and so on. If we wish to deduce, from the 
general formula, that of any particular compound, we require 
only to knotf how many equivalents of carbon that compound 
contains. Thus the general formula for the alcohols of this series 
is Cn Hn + i 0, HO or Cn Hn+ aOn, What is the special formula 
of amylio alcohol F This alcohol yields, when oxidised, valeri- 
anio acid, in which there are 10 oqs. of carbon. Now the 
number of eqs. of carbon is always the same in an alcohol and in 
tho acid which it yields ; wo have therefore 10 eqs. of caibon. 
But if, in this case, n =10, n + i must be =3 11, and the formula 
for amylio alcohol becomes Cio Hu O, 110, or Cio Ilia Oz . 

In like manner, if we could obtain margaric alcohol, we know, 
since margaric acid contains 34 eqs. of carbon, that the formula of 
margaric alcohol must be Cu H 35 0, HO, or C 34 . Tho Oa. 

Column 1. General formula, C» Ha + 1 . This formula repre- 
sents tho radicals of tho methyle and ethyle scries. Of these, 
five or six have been obtained, by Frankland and by Kolbe, in 
the separate foim, and the names of these are given in the table. 

Column 2. General formula , Cn Hn + 1 , II, or CV Ih-f a. 
This series is homologous with mar&h gas, the hydurct of methyle, 
Ca Hs, H or Ca H*. 

Those lowest in tho series are permanent gases, those above 
them highly volatile liquids ; those still higher oily liquids, and 
higher still they are fatty and jivaxy fusible solids. This is true 
also of the radicals in the prccediug paragraph. It is probable 
that one of the bodies described as paraffino, as well as some 
paraffine oils, belong to this series of hydurets. 

Column 3. General formula, Hn + 1 , 0. This represents 
the oxides of the preceding radicals, or ethers, of which ether is 
the type. A few only of thdlc are known in a separate form, and 
a few more in combination. With acids, especially organio acids, 
they yield compound ethers, such as oxalio or bemsoio ether. 
Those containing much carbon are solid. 

Column 4. On Hn + 1 , 0 -f HO, the hydrated oxides of the 
radioala, or alcohols, of which alcohol is the type. Like the 
ethers, they are volatile liquids in the first part of the scale, the 
boiling-point of whioh rises with ’the amount of carbon, and 
fusible and volatile solids when the carbon exceeds a certain 
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amount ; the melting and boiling-points of which, and the density 
of their vapours, vary according to the same law, rising a certain 
number of degrees for each addition of Ca H a. The riso in the 
boiling-point is about 19° C., or 34° F., for each addition of Ca H* . 

Columns. CnHn — i, the derived radicals, formed from, those 
of the ethyle senes by oxidation or dehydrogenation, of whioh 
acetyle is the typo. They are, as yet, only known in combination. 
"VYe therefore pass on to 

Column d. General formula , CnHn — i, II or (Cnlft)a. This 
series of hydurets is homologous with methylene,. C 2 H, II or 
C 2 Ha , and ethylene or olefiant gas, C± II- » , II, or C* H* . The 
former is the hyduret of formyle, the latter tho hyduret of 
acetyle. 

These compounds much resemble those of column 2, but differ 
from them in being more readily acted on by chlorine, oven in the 
dark. They are, like the others, gases when low in the scale ; 
then, as we riso in the series, highly volatile liquids, less volatile 
and oily liquids, fatty and finally waxy solids. Yarious forms of 
paraffine and of paraffine oil belong to this series. 

Column 7. Cnlln — 1 , 0 -f- HO, the aldehydes, or hydrated 
oxides of the immediately preceding radicals, of which aldehyde 
is the typo. Several are known, and they are characterised by 
reducing tho salts of silver, so as to yield a mirror-liko deposit 
of metal ; while they pass, by oxidation, into volatile acids, which 
are tho hydrated teroxides of the same radicals, as aldehyde does 
into aoetio acid. It has rocently been shown, by Bcrtngnini and 
others, that the aldehydes form crystallisable compounds with 
bisulphite of potash, soda, or ammonia. By this means we can 
detect the presence of aldehydes in mixtures, and even purify them 
from other volatile liquids. 

Column 8. C Ha — 1 Os, HO, or (C« Iin) 9 These are the 
volatile acids already alluded to, and yield the most complete 
series of homologous compounds yot known. They are almost all 
found in nature, and all but the two first are oily or fatty acids, 
the bdiling-paint of which rises about 19° 0., or 34° F., for every 
step in the scale. The most abundant and important fatty acids, 
such as stearic and margaric acid#, cocinio and palmitio acids, 
and the acids of wax, belong to this series. 

Column 9. Cn Hn — % Oa, NH* 0, the compounds of the pre- 
ceding acids with ammonia. These are here introduced, because, 
when deprived of 4 eqs. of water, they yield tho next scries. 

Cotumns 10 and II. Cn Hn — 1 N, or C Hu-f 1 , Ca N. The first 
of these formulas, whioh are isomeric, namely, column 10, repre- 
sents what are called nitryles , that is, compounds of nitrogen 
with the radical of the aoid of tho ammonia salt, from which the 
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ni&ryle is derived* Thus acetate of ammonia) deprived of 4 eqs. 
Of water, that is, of aU its oxygen, and 4 eqs. of hydrogen, yields 
aoetonitryle, 

C*Hs 0 3 , N H*0 = 4 HO + C*HsN. 

The second general formula, oolumn 11, represents the cyanide, 
not of the radical of the acid from whioh it has been formed, but 
of the original radical of tho ethyle series, one step lower in the 
soale than* tho acid. Such a cyanide must be isomorio with the 
nitryle of the acid radical. For aoetonitryle, C* Ha N, is the 
same, empirically, as the cyanide of methyle, Ca Ha 4- Ca N. 

In point of fact, some of the nitryles really are such cyanides, 
and it is possible that all may prove to be so. But it is also 
possible that both compounds may exist, and therefore we have 
given both formuloe. 

Column H2. C» Hn — 1 Os 4* Cu Hn +1 0, or Cn IL* 0*, the 
oomponnd ethers formed by tho combination of one of the 
volatile acids with the ether from which it is derived ; of these, 
acetate of oxide of ethyle, or acetic ether, is the type. If we 
represent them by the general formula, Cn Hn 0*, the amount 
of C and H is always exactly doublo of that in the hydrated acid 
itself. Acetic acid is C* H* 0* , and acetio ether is Ca Hs 0* . 
Many of this series are known and occur in nature. It must be 
observed, that each ether can combine not only with the acid 
related to it, which has the same number of cqs. of oarbon, as, 
oxide of ethyle with acetio acid ; oxide of amyle with valerianic 
aoid, &c. ; but also each ether oan oombine with all the acids, 
and each acid with all tho ethers of the two series. It is only, 
however, whon the acid and ether whioh combine have the same 
number of eqs. of oarbon that the relations above pointed out 
holds good. Ttyis, acetio acid combines with amylic ether, and 
gives the compound Cio Hu 0, *C* Ha 0» = Cu Hu 0* , which still 
oomes under the general formula, but in whioh the oarbon and 
hydrogen are not double of those in the acid or ether as in the 
ease of aoetic ether above given. The oompound of aoetio aoid 
with amylio ether just named occurs in nature and oan be made 
artificially. It gives the peculiar and agreeable flavour to the 
pear, while aoetio ether contributes in part to that of the pine- 
apple, along with another oompound of the same class, butyric 
ether, that is, butyric acid oomhined with oxide of ethyle, C* H« 
0, Ca Hit Os Hia 0*. 

Column 13. Cn Hn 4 1 Cl, the chlorides of the radicals of the 
eth^lio series. Chloride of ethyle is the type. Of course si mila r 
series exist for the bromides and iodides. Several of them are 
known, and have been used with advantage in reoent researches. 
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Column 14. Cn H* + 1 , S. The sulphurets of the flame radicals. 
These are volatile fetid liquids, so far as known. 

Column 15. Cn Hn -f- i, S, H8. The preceding, oombined with 
sulphuretted hydrogen, or, as they may be called, meroaptans** 
The type is mercaptan, of the ethylio series, C* H» 8, HS. These 
also are horribly fetid. Only a few are known as yet. 

Columns 16 and 17. Cn Hn -f i, NHs, the amides of the 
radicals of the ethylio series, which are isomeric, if not identical, 
with a very remarkable series of bases, already alluded to as de- 
rived from ammonia by the replacement of 1 eq. of its hydrogen 
by 1 eq. of one of these radicals. The last column, f7, contains 
the empirical formula of these bases, Cn Iln -+• a, N. Methylamine, 
CaHoN, or etliylamine, or C*Il7 N, is the type. Already six or 
seven of these bases arc known. 

More columns might be added, almost ad infinitum , as for 
example, the bisulphates of the oxides of tho ethylic radicals, 
which act as acids, and of which sulphovinio acid is the type. 
But tho above will suffice to explain the doctrine of homologous 
compounds. It will bo seen that when we know the formula of 
a compound, belonging to this series, we can prediot its general 
characters, physical and chemical. The former depend on its 
place in the vertical column to which it belongs, the latter on 
the general formula appropriate to that column. For example, 
if I analyso a substance, and find its formula to be Cio Hia Oa , or 
Cio Hu 0, HO, I observe that it belongs to tho general formula 
Cn Iln -f* i 0, HO, that of the alcohols. If it be Cao Hao Oa, or 
C»o Hie O, HO, it belongs to the aldehydes, Cn Hn Oa ; if CsHu 
N, it belongs to the bases, in column 15, and in each case I know 
what its chemical characters will be. But the first, although an 
alcohol, will be less volatile than common alcohol ; the scoond 
far less volatile than aldehyde, perhaps a solid |t the ordinary 
temperature; and the third, although a base, analogous to 
ammonia, will be a liquid at ordinary temperature, less volatile 
than methylamino and ethylamine, which indeed aro gases at 
ordinary temperatures, but easily condensed. 

If the body analysed be of the formula Cn Hn 0* it must be 
either acid or neutral. If acid, it #vill be volatile and oily, or 
fatty, provided it oontain six or more eqs. of carbon. If neutral, 
it will be a oompound ether, see column 12, containing a volatile 
acid, united to an oxide of one of the radicals in column 1. 

It is more than probable, that every organic compound belongs 
to a homologous (or vertical) series, if wo could only ascertain the 
other members of it. And it can hardly be doubted that series * 
will be discovered, in which the common difference or addition 
at each step is not Ca Ha , but seme other group. Yet C$ Hi 
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Appears to bo the commonest, for thero is another series, or 
rather set of homologous series, quite distinct from that here 
explained, in which the starting-points are very different, but 
“the common difference is still Ca Ha . In this there is an acid 
series, of which tho starting-point is benzoic acid, Cm He 0* , 
and a basic series, of which the starting-point is aniline, Cia H? 
N ; besides various other series, all of which may bo included 
under thq name of the benzoic series (just as the table above 
given may be called the ethylic series), in which Ca Hi is also 
added at each step. 

It will not escape the reader, that the foundation of the ethylic 
series is laid in inorganic chemistry. Thus methyle, Ca Hs , the 
first radical, if Ca Ha be taken from it, yields H, that is, hydro- 
gen ; its ether and its alcohol, minus V a Ha , alike yield IIO, or 
water. Its acid, formio acid, C2H2O*, yields Ot, oxygen. For- 
monitryle, Ca HN, is hydrocyanic acid, or cyanide oi hydrogen ; 
ohlorido of methyle, Ca Ha Cl, minus Ca Ha , is hy drochtoric acid ; 
suLphuret of methyle, minus Ca Ha , is sulphuretted hydrogen, 
and lastly, methylamine, CaHo N, minus CaHa, is ammonia, the 
very type of the methylamine series of bases. Indeed, it is not 
easy, without analysis, to distinguish methylamine from ammonia. 

Hydrogen then, is the true starting-point of the clliylic series 
of radicals, and ammonia of tho othylic series of volatilo bases. 

Such is the doctrine as exemplified in one well-marked in- 
stance of homologous compounds, a doctrine which has already 
done much, and is dostined to do much moro, in simplifying our 
knowledge, and enabling us to classify tho immediate facts of 
organic chemistry. 

At the meeting of the British Association in Ipswioh, 
M. Dumas drew the attention of the Association to the 
extraordinoryeanalogy between homologous groups of organio 
compounds and certain small groups of elomentary bodies, 
wbioh have long boon observed. The best example is that of 
chlorine, bromine, and iodine, which differ from each other 
precisely as do throo contiguous homologous compounds in tho 
tabic; that is, in properties. Thus chlorine is an easily con- 
densible gas, bromine a volatile liquid, iodine a volatile solid. 
In affinity, bromine is intermediate between chlorine and iodine, 
as it is in atomio weight. This is obviously true also of the 
organio group, say, for oxample, of methyle, ethyle, and propyle, 
or of formic, acetic, and propylio acids, or of methylamine, 
ethylaminc, and propylamine. M. Dumas is said by some 
journals to have drawn the conclusion that, since the equivalent 
of bromine is the mean between those of chlorine and iodine, 
therefore bromine is made up of half an equivalent of chlorine 



TRANSMUTATION OP ELEMENTS. 27 

and half an equivalent of iodine. But it is probable that he only 
indicated the possibility of this. 

Now, although M. Dumas may have been the first to point 
out strongly in public the remarkablo analogy between the 
elementary groups, chlorine, bromine, iodine, potassium, sodium, 
lithium, &o., <&c., and homologous organic groups, such as 
methylamino, ethylamine, and propylamine, yet it must not be 
supposed that this had escaped the notice of chemists. The 
author of the present work has for several years pointecl it out in 
his lectures; nay, before the homologous organic groups wore 
known, the late Dr. Turner and other teachers, including the 
author, constantly drew the attention to the analogy between 
chlorine, bromine, and iodine, as furnishing an argument for 
their being truly compound. But they took a different view 
from that of M. Dumas, and one still moro analogous to what is 
known of homologous bodies ; namely, that chlorine, bromine, 
and iodine had the same base or substratum, with a different 
addition in each case. And since the discovery of homologous 
bodies, it has been regarded as highly probablo by the author, 
and mentioned as such in his lectures, that there is here also a 
common difference, corresponding to C« Ha in the etliylio series, 
the addition of which, in increasing quantity, converts chlorine 
into bromine, and bromine into iodine. It is evidently unne- 
cessary to suppose any difference in the quality of what is added, 
because we see, in the organio compounds, that a difference in 
its quantity ia amply sufficient to alter the density, the fusing and 
boiling points, &o., &c. 

This has been explained fully, because M. Dumas has been 
said to have founded on these facts and hypotheses, an opinion 
that we may hope, on the principle laid down by him, to 
transmute one element into another. Thus wo# may hope to 
fuse one atom of chlorino and one atom of iodine into two atoms 
of bromine, &c. And of course, if we could disoover any metal 
homologous with gold, as sodium is with potassium and lithium, 
we might expeet to convert that metal into gold. 

The idea on which recent attempts at transmutation have been 
founded is different. It is derived from the remarkable changes 
produced in both' simple and compound bodies by a new arrange- 
ment or grouping of the ultimato atoms into molecules of various 
.size. Charcoal, graphite, and diamond are all carbon, yet how 
different l The two last crystallise in forms geometrically 
distinct. So does sulphur, which also exists in a third or 
amorphous state. Phosphorus is at one time a white, translucent, 
fusible, and easily combustible body; at another, a red sub- 
stance, not easily fusible, and hardly combustible, save at a red 
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heat, When it passes into the first state* And compounds, 
although of the same composition in 100 parts, may vary ad 
infinitum in character* Hence it was supposed that, by a new 
arrangement of the same atoms, a different, even although 
elementary substance, might be obtained; and Dr* Brown 
stated that he had thus converted carbon into silicon* Sup- 
posing this to be confirmed, it is easy to imagine lead or iron 
converted into gold. Even charcoal and diamond, although chem- 
ically identical, are physically far more different than are lead and 
gold, and, in short, transmutation was clearly conceivable. 

But although this be the case, yet we must not forget that, 
until Dr. Brown’s experiments be confirmed, tho most widely 
differing forms of elementary bodies — of carbon, for example —all 
agree in some essential chemical properties; for example, in 
yielding carbonic aoid when burned in oxygen gas. Whereas 
carbon and silicon, even in tho alleged results of Dr. Brown, 
cannot be made to yield the same products. We have no proof, 
as yet, that the same atoms, differently grouped, can yield a 
body which has entirely new and permanent chemical properties. 
This is conceivable, and, strictly speaking, possible ; but we 
have, as yet, no proof of it. And the same is true of M* Dumas’s 
suggestion ; it is conceivable, but wo have no proof that it can be 
done with truly elementary bodies, or even with such as are 
elements to us. 

It is, we conceive, much more probable, that chlorine, bromine, 
and iodine are really homologous compounds y and not elements ; 
and if we can discover their common difference (their Ca Ha so 
to speak), we may hope to transmute them into each other. And 
so of all other similar groups. 

But, admitting the possibility of a transmutation, it must not 
be forgotten, ^hat it is almosj an absurdity to suppose it easy or 
practicable under ordinary circumstances, or that it should ever 
become so* It must require some very great and unusual force ; 
for if it were otherwise, if one element could easily pass into 
another, external nature must come to an end. • Nay, if carbon 
could readily become silicon, bow could our bodies or the vege- 
table world exist P In theia nearly two-thirds of the weight is 
carbon ; and if that were changed, even in part, to silioon, or to 
any other element, what must be the result P 

It has always appeared to us, that those bodies which are best 
known, and which resist most powerfully all our efforts to decom- 
pose or transmute them, must have, in order that naturo should 
exist, a degree of permanence attached to them, such, that they 
become virtually unalterable elements, otherwise affinity could no 
Imager act to produce the results we see. 
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Even if our elements, therefore, be compound, or otherwise 
transmutable, it is evident that we are not intended to have the 
power of decomposing or transmuting them. Such is the dootrine 
we have for many years taught in our leotures. 

Having now explained the doctrine of homologous compounds, 
and its bearing on the peculiar groups of elementary bodies, as 
well as on the idea of transmutation, we shall reserve further 
details till we come to describe the substances themselves which 
constitute the homologous series, such as the alcoholS, ethers, 
aldehydes, volatile acids, and volatilo bases. 

THE DECOMPOSITIONS AND METAMORPHOSES OP ORGANIC 
COMPOUNDS. 

Organic compounds, whether aotual organised tissues, unor- 
ganised products of animal and vegotable life, or new substances 
artificially produced, are generally characterised by a great 
proneness to undergo decomposition or metamorphoses. This 
instability is especially marked in those compounds which con- 
tain nitrogen, not only because, containing four elements (in 
most cases), they are exposed to more numerous causes of change 
than such bodies as contain only three (carbon, hydrogen, and 
oxygen), but also because nitrogen is, in its relations to those 
three elements, the most remarkable clement we know. Accord- 
ing to the circumstances under which a change is induced 
nitrogen may |eparato uncombined, as in the ultimate analysis 
of organic substances, by combustion with oxide of copper or 
chromate of lead ; or it may combine with oxygen, yielding nitric 
acid, as in nitrification ; or with carbon, yielding the compound 
radical cyanogen, as when nitrogenised organic matter is ignited 
with carbonate of potash ; or with hydrogen, yielding ammonia, 
as when nitrogenised organio matfer is ignited with hydrated 
caustic alkalies. 

It is easy to see, therefore, that while all organio matter is 
prone to change, this is especially the case with nitrogenised 
compounds. In fact, many of these compounds cannot be kept 
more than a few hours without the * commencement of decom- 
position or metamorphosis, in the shape of putrefaction or fermen- 
tation. This kind of metamorphosis will be separately considered 
hereafter ; in the meantime it is important to observe, that when 
such a compound lias entered into a state of decomposition, it 
aoquires the properties of a ferment, that is, it is capable of 
inducing a similar metamorphosis in another compound, i£ placed 
in oontaot with it. 

The true explanation of this fact appears to be, that the 
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particles or molecules of the exciting body or ferment, being in 
a condition of ohange, and therefore in motion, communicate to 
the molecules of the body placed in contact with them an amount 
of motion sufficient to destroy the balance of the existing 
affinities ; which in organio compounds is easily done, the 
ohemical equilibrium being very unstable ; and thus gives rise 
to a new play of affinities and the production of new compounds, 
as when sugar by contact with yeast is resolved into aloohol and 
carbonic acid. 

But in addition to metamorphoses of the^kind just alluded to, 
which, in the various ferments at least, commence spontaneously, 
air (at all events, at the commencement), moisture, and a certain 
temperature being the usual conditions, organio substances 
undergo very well-marked decompositions when exposed to the 
action of heat and of some poworful re-agents ; and it seems 
advisable here to give also a general account of such decompo- 
sitions, as they admit of being classified under certain heads or 
rules generally applicable. 

We shall here, therefore, briefly describe the changes pro- 
duced on organio compounds : 1, by oxidation ; 2, by the action 
of acids; 3, by the action of bases; 4, by the action of heat in 
dose vessels, or the destructive distillation ; and 5, by the contact 
of ferments. 

Oxidation : a. direct . — The direct oxidation of organio com- 
pounds takes two distinct forms. The first is the familiar one of 
combustion, in which the action of the atmospheric oxygen is 
aided by a high temperature. The results differ according to 
the supply of oxygen. If there be an excess of air, or of oxygen, 
from -any sonree, the whole of the carbon and hydrogen is con- 
verted into carbonic acid and water, which, along with uncom- 
bined nitrogen are the ultimate products of the action of oxygen 
on organic matters. But if the supply of air be deficient, the 
hydrogen, from its superior attraction for oxygen, is oxidised in 
preference to the carbon, which is deposited as smoke, soot, or 
lampblack. 

The second form of direct oxidation is that which is com- 
monly called decay, but whish Liebig proposes to call Eremacausis 
(*«*,, slow combustion), and which takes place when organio 
matter is exposed to air and moisture. In dry air it does not 
ocour. 

One of the most familiar examples of this kind of oxidation is 
that decay of Wood by which it is slowly converted into a dark 
bfcown powder — ulmine. In this process, as De Saussure has 
shown, the wood absorbs oxygen, and produces an equal volume 
of carbonic aoid along with water, and the residue — ulmine. 
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As, in combustion, the oxygen combines by preference with 
hydrogen, so also in eremacausis there is every reason to believe 
that tho absorbed oxygen oombines with the hydrogen of the 
wood, and that an equivalent quantity of oxygen, also derived 
from the wood, is |iven off in the form of carbonic acid. Now, 
since wood may be represented as composed of carbon and the 
elements of water, and as water and carbonic acid are two of the 
products of eremacausis, it may be supposed that the water was 
ready formed in the wood, and that the absorbed ojfygen had 
combined with the .carbon. But it has been shown that, in 
presence of hydrogen, carbon does not at the ordinary tempera- 
ture combine with oxygen, for which its affinity is less powerful ; 
and besides, in the decay of wood, tho proportion of oarbon in 
the residue (tho ulmino) is constantly greater than in the wood. 
Thus oak wood, Cat H 29 O aa , yields in one stage of ^ ;cay, ulmine, 
the composition of which agrees with the formula C 3 a Hao 0 2 o ; 
and in a more advanced stage, an ulmine of the formula 
C34 Ilia Oia. Here wo see tljat for every 2 eqs. of hydrogen 
oxidised by the air, 1 eq. of carbon and 2 eqs. of oxygen have 
been separated ; so that the per-centage of carbon in the residue 
constantly increases, and the final result of eremacausis would be 
a residue of carbon ; were it .not that, as the proportion of carbon 
in tho ulmine increases, its affinity for the other elements, 
strengthened by its mass, becomes too powerful to be overcome 
by the oxygen of the air without tho aid of heat. It has been 
suggested, however, by Liebig, that the process of eremacausis 
may occur under such eireumstanoes as to leave at last a residua 
of pure carbon ; and tho occurrence of anthracite, which is 
nearly pure carbon, shows that such a result is possiblo. The 
conditions necessary for this arc still unknown ; but if we suppose 
one of these conditions to be a scrai-lluid state ^>f the matter 
undergoing decay, and if we imagine the process to go on at a 
very slow rate indeed, the oarbon thus eliminated might assume 
the crystalline form, and thus the diamond might bo produced. 
This is a merg suggestion ; but it has moro probability in its 
favour than any other theory of the production of the diamond. 

Other examples of eremacausis ar^ the acetification of alcohol, 
and the process of nitrification in which ammonia undergoes 
eremacausis. These, as well as other instances, will be considered 
in their proper place. 

Eremacausis is greatly promotod by heat and by the presence 
of alkalies. It is, on the contrary, arrested or retarded by oold, 
dryness, acids, and many salts, such as corrosive sublimate, 
which has been used to prevent the decay of wood. 

There is one ciroumstanoo connected with eremacausis, or 
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decay, as above described, which is worthy of special attention. 
It is, that a substance, in a state of eremacausis, if placed in 
oontaot with another, which is capable of undergoing this change, 
speedily causes the latter to enter into the same condition of 
change. This effect of contact may be compared, in one sense, 
to that of a body in combustion, which sets fire to other bodies ; 
but in ordinary combustion the high temperature plays an 
important part, while in eremacausis the effect appears to be due 
to the colnmunicalion of motion, from the particles of the 
decaying body to tlioso of the other substance, which motion, as 
in the case of fermentation, overturns the existing balance of 
affinities, unstable as it is in organic compounds, and gives rise 
to the formation of new products. 

Tho process of eremacausis, or slow oxidation in the atmos- 
phere, is one of very great practical importance, inasmuch as, 
by this means, the elements of dead organic matter are made to 
assume those forms — namely, the forms of carbonic acid, water, 
and ammonia— in which they are ^capable of contributing to tho 
nutrition of now or growing vegetables. 

It has been rendered highly probable by recent investigations, 
that eremacausis is always commenced, not by the ordinary oxygen 
of the air, hut by the remarkable substance named ozone, which 
is now believed to be an allotropic and highly active form of 
oxygeu. Home observers state that oue form of ozone contains 
hydrogen, in which case, that form of it is most probably a 
teroxido of hydrogen ; but it is certain that in one form, at least, 
of what is called ozone, oxygen alone is to be found. 

Ozone is formed instantaneously by lightning, so that its 
poculiar smell is at once perceived at a great distance from tho 
spot where tho discharge occurs. It is evident, therefore, that the 
air must always contain ozone. But the ozone, from its very in- 
tense action on all oxidisable matter, is consumed as fast as it is 
formed, so that it never accumulates. Indeed, although traces of 
ozone may generally be detected during, or very soon after, 
thunderstorms, by its turning blue, paper covered with iodide of 
potassium and starch, and, although it may even be detected at 
other times occasionally, y<£ it is easy to see that oxygen in so 
active a state must he removed from the air by the various dead 
organio matters in contact with it, and the vapours of organio 
origin diffused through it. 

When finely divided phosphorus is exposed to the air, it begins 
at onoe to undergo oxidisation. Now we know that when phos- 
phorus is placed at the bottom of a bottle* ozone is soon formed in 
the air about it. It is this 020ne, I oonceive, which oxidises the 
phosphorus, at least at first. The temperature gradually rises, 



EREMACAUSIS OF ORGANIC COMPOUNDS. 33 

the eremacausis is thereby accelerated, a higher temperature is 
the result, and thus action and reaction go on, till, at about 100°, 
generally in the space of one or two minutes, the phosphorus 
bursts into flame. I have seen tliis happen with solid sticks of 
phosphorus, half covered with water, and it seems probable that 
ozone is here the agent in producing the oxidation. Such also is, 
I believe, the origin of the spontaneous combustion of charcoal 
powder, of* cotton or tow steeped in oil, and similar matters. 

Now the same agency produces analogous results dn dead 
organic matter, which is no sooner exposed to air and moisture 
than oxidation begins, due, as I conceive, to ozone, either already 
present in the air, or produced at the surface of the organic 
matter, as at the surface of phosphorus. 

When the oxidation or eremacausis is once established, the 
temperature rises a little, and then, at a certain temperature, the 
process is probably carried on by the ordinary oxygen, for ozone 
is destroyed by a moderate degree of heat. 

Bearing all this in mind, wcrcan easily see how important the 
presence of ozone in the air is ; we can see how it contributes to 
convert into the gaseous food of plants, carbonic acid, water, and 
ammonia, all dead organic matter ; while, at the same time, wo 
perceive that if ozone were not thus consumed as fast as it is 
formed, and if it could accumulate in the air, it would, from the 
intensity of its oxidising action, destroy or burn, not only all dead 
organic matter, but all living plants and animals. 

Nothing can better show how very limited our knowledge of 
nature still is, and how much we have yet to learn, oven con- 
cerning tlio commonest and apparently the most simple natural 
operations going on around us, than the fact that the important 
agency of ozone, nay, its very existence, were hut a short time 
ago utterly uuknown. And yet it is quite conceivable that, with- 
out the formation of ozone, and i& continual consumption in 
the decay of dead organic matter, the whole system of animal 
and vegetablo life might be brought to an end, simply by the 
accumulation o£ dead animals and plants. For if the commence- 
ment only of their oxidation or eremacausis depend on ozone, 
the absence of that body would put* an end to eremacausis, and 
the result would be, that the supply of carbonic acid and ammonia, 
which tho air should furnish to plants, would fail, and vegetation 
would languish. This, as a necessary consequence, would put an 
end to animal life also. 

A peculiar species of eremacausis is observed in tho case of the 
simultaneous action of oxygen and ammonia on certain colourloss 
vegetable products, which, absorbing those gases greedily, are 
thus converted into nitrogenised compounds of very fine blue or 
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purple colours. Of this we have examples in oroine, erythrine, 
and phloridsine; and there is good reason to attribute the 
formation of indigo, from a juice devoid of blue colour, to an 
action of this kind, since both oxygen and ammonia appear to 
be necessary to its production. The transformation of alloxantine 
or of uramile into murexide also depends on the simultaneous 
action of ammonia and oxygen. 

b> Indirect Oxidation , Tho indirect oxidation of organic 
compounds may bo effected in a variety of ways, as, for examplo, 
by nitric acid, the action of which we shall presently describe 
along with that of other acids ; by hyponitrous acid ; by certain 
salts, as by permanganate of potash, which converts sugar, for 
example, into oxalic acid ; or by the employment of a mixture of 
biohromate of potash and diluted sulphuric acid, by which means 
salicine may be made to yield the hyduret of salieyle (oil of spirma); 
by the notion of sulphuric aoid, and of peroxide of manganese, as 
when alcohol is converted into aldehyde ; or, dually, by the com- 
bined action of heat and hydrated alkalies, as when indigo, heated 
with potash, gives rise to anthranilic acid, hydrogen being given 
off; or acetates, heated with baryta, yield marsh gas and car- 
bonates. The use of fusion with caustic potash as an oxidising 
agent is an important means of obtaining a less perfect oxidation 
than is the result of some of tho other processes ; and it has lately 
led to some very interesting discoveries in animal chemistry. 

Chlorine is also used as an oxidising agent. It acts in virtue 
of its very strong attraction for hydrogen, decomposing water, 
when the nascent oxygen acts powerfully on the organic compound. 
A mixture of chlorate of potash with hydroohlorio acid is also 
employed, and is a useful means of oxidation. 

As a general rule, oxidation has the effect of causing the forma- 
tion of compounds less complex than those organic bodies which 
yield them.® Thus sugar, Starch, and many other substances, 
when oxidised by nitric aoid, yield oxalic acid. Now sugar and 
starch contain at least 12 oqs. of carbon, while oxalic acid contains 
not more than 4 eqs., possibly only 2 eqs. of carboti. 

2. Action of Acids on Organic Compounds. This action is 
very various; the two acids most frequently employed aro tho 
nitric and sulphuric acids, and, as might bo expected, the former 
acts more as an oxidising agent than the latter. 

When sugar, for example, is heated with nitric acid, tho latter 
loses oxygen, for nitrous acid is given off in enormous quantity ; 
while the elements of the sugar, by the action of tho oxygen are 
made to combine so as to produce compounds of less complex 
radicals than that of sugar probably is. Among the products are 
water, carbonic acid, oxalic acid, and saccharic acid, besides 
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others not yet investigated ; but the throe first sufficiently show 
the tendency of oxidation to promote the formation of less complex 
radicals. 

When nitric acid acts on organic matters, there is generally 
found one acid, if not more, among the products, and in this way 
a large number of acids have been discovered. Examples of this 
aro, mucic acid from gum ; indigotic and nitropicric acids from 
indigo ; margario acid from stearic acid ; Bubcric and succinio 
acids from oily acids, besides many others. It frequently Happens 
that compounds, whether acid or neutral, formed by the action of 
nitric acid on organio matter, contain hyponitrous acid as a con- 
stituent, substituted for its equivalent of hydrogen. This is the 
case with nitrobenzide from benzine, and with nitronaphthalase, 
and a whole series of compounds discovered by Laurent in his 
study of the action of nitrio acid on naphthaline. The nitropicric 
acid also contains nitrous acid in place of hydrogen. Some organic 
bases, as morphia and brucia, strike a deep red colour with nitrio 
acid. 

The action of hyponitrous acid on some organio oompounds is 
very remarkable. A neutral or acid amide, acted on by this acid, 
is so oxidised as to yield the acid from which it was derived. 
Thus, oxamide, Oa Oa , N H 2 acted on by hyponitrous acid, 
NOs, yields oxalic acid, water and nitrogen, CaOa, NHa-h 
N 0» = C 2 O 3 , 2 HO + N 2 . By this means, when an amide is 
known, but not the corresponding acid, the latter may be obtained, 
as glycolic acid was from glyoocinc, its amide, and benzoglycolio 
acid from hippuric acid, which is its acid amide. 

Basic amides, such as ethylamiue (cthylamide), when thus 
oxidised, yield the corresponding alcohol, or else the ether of that 
alcohol combined with another portion of hyponitrous acid. In 
the latter case, the alcohol can ho obtained from the hyponitrito of 
the other. Thus, ethylamine (hlL 2 N Oa = (CJiiaO, N Oa ) 
+ 2 H 0 + Ns ; and (CJ* llo 0, N Os ) + K 0, II 0 = (Cl 11a 0, II 0) 
4- (K 0, N Oa ). Hence from any volatilo base we can obtain the 
corresponding alaohol. 

When sulphuric acid is made to act on organic compounds, it 
chars a considerable proportion of them by virtue of its attraction 
for oxygen and hydrogen in the form of water. But in many 
cases it produces very different effects. Thus, by boiling with 
sulphuric acid and water, starch and lignino are converted into 
grape sugar. In other cases, the sulphuric acid seems to lose so 
much oxygen as to produce hyposulphurio acid, which enters into 
combination with an organio compound, forming a new acid, as 
when sulphuric acid acts on naphthaline, and forms sulphonaph- 
thalic acid : or on benzoic acid, forming hyposulphobenzoic acid ; 
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or on alcohol under certain circumstances, when an acid is 
produced containing the elements of hyposulphuric acid and of a 
carbo-hydrogen. In other cases, the sulphuric acid combines 
unchanged with the organic compound, as in sulphovinic acid, 
which is a bisulphate of oxide of ethyle ; sulphomethylic acid, and 
others. . 

Many organic compounds, heated with excess of sulphuric acid, 
are entirely decomposed, yielding water which combines with the 
acid, afid other products which are disengaged. Thus oxalic acid 
is resolved into water, carbonic acid, and carbonic oxide : formio 
acid into water and carbonic oxide ; alcohol into water, olefiant 
gas, and other products. 

Several organic compounds are dissolved by sulphuric acid with 
the production of a fine red or purple colour. Salicine strikes a 
red colour with the acid, and oedriret, one of the constituents of 
tar, dissolves in it with a deep blue colour, as does also 
naphthalase. 

Phosphoric acid may be employed in some cases to remove water 
from organic compounds, as it does not char them. Like sulphuric 
acid, it forms with oxido ol* ethyle an acid salt, known as 
phosphovinic acid. 

Hydrochloric acid and its congeners have no very extensive 
action on organic substances. With alcohol, hydrochloric acid 
gas yields chloride of ethyle ; and a current of this gas, passed 
through an alcoholic solution of a fatty acid, gives rise to the 
compound of the fatty acid with oxide of ethyle, which would 
otherwise be obtained with difficulty. With oil of turpentine, oil 
of lemons, and some other essential oils composed of carbon and 
hydrogen, hydrochloric acid gas combines, forming solids re- 
sembling camphor. Pyroxanthino, a substance contained in tar, 
dissolves in strong hydrochloric acid with a fine and deep purplo 
colour. 

3. Action of Bases on Organic Compounds, Hydrated bases 
unite, of course, with organic acids ; and when heated with 
neutral substances, they generally give rise to *tho formation of 
acids, such as acetic and oxalio acids, or evon carbonic acid, 
oxygen being taken from *thc water of the base, and hydrogen 
being disengaged, or (if the organic body contain nitrogen), 
hydrogen and ammonia. This property of hydrated bases is 
employed as a moans of converting all the nitrogen of organic 
compounds into ammonia, and in this form determining its 
quantity. 

The presence of bases greatly promotes the absorption of 
atmospheric oxygen by organic substances. This is the reason 
why alkalies assist cremacausis. The same effect is very con- 



ACTION OF HEAT ON ORGANIC COMPOUNDS. 37 


spicuous in the change which the salts of gallio acid (and somo 
other acids) undergo when exposed to the air. A solution of an 
alkalino gallate absorbs oxygen very rapidly, and becomes very 
dark in colour, being oxidised in a far shorter time than if tho 
acid had been uncombined. This is still better, ^en in pyrogallic 
acid, which indeed furnishes a means of determining directly tho 
proportion of oxygen in gaseous mixtures. 

4. Action of Ileat on Organic Compounds in close Vessels, Thi* 
action is known under tho name of the destructive distillation. It 
must be considered as a combustion with a very limited supply of 
oxygen, that, namely, afforded by the substance itself, A very 
great variety of compounds is produced, many of them very 
interesting and useful. The destructive distillation may be 
considered as it affects substances containing nitrogen, and sub- 
stances devoid of that element. Many products are common to 
both cases, hut many also are ooniined to one case, especially to 
that of nitrogen ised substances. 

The destructive distillation of non-nitrogenised substances has 
been chiefly studied in the case of wood, which when heated in 
close vessels, yields a great variety of products : some, binary 
compounds, such us paraffine, naphthaline, eupione, water, car- 
bonic oxide, carbonic acid, marsh gas, and oletiant gas: others 
ternary, such as acetic acid, C* II* O3; hydrated oxide of methyle 
or pyroxylio spirit (C3II3) 0 , II 0 ; liguone, xylite, mesito, and 
other volatile etherial liquids, composed of the same elements as 
pyroxylio spirit, and very similar to it in properties ; creosote ; 
picamar ; capnomore ; cedriret ; pittacal, and pyroxanthinc, 
besides many other others, not yet properly investigated. 

When fatty or resinous bodies are subjected to the destructive 
distillation, thero are obtained, besides oilier compounds, two solid 
carbo-hydrogens : chrysene, (MI, and pyrene, CiolJa ; which also 
occur among the products of tho distillation of coal. 

This latter distillation may serve as an example, the best known, 
of the action of heat on nitrogeniaed organic bodies; for coal 
contains a certain although small proportion of nitrogen. The 
products, besides creosote, paraffine, naphthaline, and probably 
several others of those obtained # f'rom wood, include much 
ammonia, hydrocyan io acid ; some peculiar non-nitrogenised 
acids, as carbolic acid, Cut Jlo 0, II 0 (a remarkable compound, 
having an odour resembling that of creosote, and yielding, when 
subjected to various re-agents, an extensive series of new com- 
pounds [llunge, Laurent]); rosolic and bmnolic acids; and three 
very remarkable aeries of nitrogenised bases, containing no oxygen, 
namely, the series of aniline, Cia Hz N, of which several are known, 
homologous with aniline and higher in tho scale ; that of picoline, 
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CiaHfN, isomeric with the first, hut differing from them in 
properties, and that of leukoline or chinoline, Ci« HsN, of whioh 
the other members aro not yet studied. Resides these, there is a 
fourth series of bases, one of which was named by Itunge pyrrol, 
and whioh Andqgson has to some extent described as the pyrrol 
(pyroline) scries of bases. These different bases are more abundant 
in the products of the distillation of the more highly nitrogenised 
animal matters mentioned in the next paragraph. Finally, 
parana^hthaline, or anthracene, Cso lfi 2 , and coal-tar naphtha, 
whioh is used as a solvent for caoutchouc. 

The distillation of animal matter, such as hoofs, horns, or bones, 
yields analogous results, but is characterised by the very large 
amount of ammonia which is obtained, animal matter being riehor 
in nitrogen than coal is. This ammonia appears as carbonate, 
which salt is thus manufactured, and hence was, and occa- 
sionally still is, called salt of hartshorn. The oil from animal 
matter also contains several of the new bases of the etliylaminc 
series, as well as of the series of aniline, and of those of picolino, 
pyroline, and leukoline, according to the experiments of Dr. 
Anderson. 

Many organio acids, when heated in close vessels to a certain 
temperature, short of the destructive distillation, undergo a 
remarkable decomposition ; carbonic acid is given off, and there 
remains a new acid, which is called a pyrogenous acid, or pyro- 
aoid. Thus meconic acid, at a certain temperature, yields car- 
bonic acid and komenic acid ; while komcnie acid, if heated in its 
turn, yields carbonic acid and pyromeeonie acid. We have also 
pyromueie, pyrotartaric, or pyroraccmie and pyrocitrio acids ; 
citric acid yielding three pyro-aeids, aoonitio (equisctic), itaconic 
and citraconic acids, and malic acid also yielding two, maleic and 
paramaleic or fumaric acids. 

From the qbove statements^ it is obvious, that the action of heat 
on organic compounds gives rise to a very largo number of import- 
ant products, of which only the most remarkable have been 
named. All will be described in their proper places. 

5. Action of Ferments on Organic Compounds . Of this action 
the best known and most important example is the fermentation 
of sugar, by which it is resolved into alcohol and carbonic acid. 

The circumstances under whioh this metamorphosis oconrs are 
these : the sugar must he dissolved, tho solution must have a 
certain temperature, and there must bo present a ferment, such 
as yeast or some analogous body. In the juice of the grape a 
ferment, the fibrinous or caseous constituent of the juice, is 
naturally present ; and Gay Lussac showed that the contact of 
atmospherical air was necessary to commence tho fermentation, 



FERMENTATION OF ORGANIC COMPOUNDS. 39 


but that this contaot with the atmosphere might be only for a 
very brief period, after which air was no longer necessary* 

The ferment is always a very complex compound of nitrogen, 
such as fibrine and the like. Now, bosidos the natural tendency of 
all complex compounds to undergo decomposition readily, wo 
must remember that nitrogen is a most peculiar element, which 
stands by itself, and whose position on tho electro- chemical scale 
is near tho middle, betweon the metalloids on the one hand, and 
the metals on the other. It has strong attractions both for oxygen 
and for hydrogen, yet combines with neither directly. Tor the 
metalloids in general, such as chlorine, &o., sulphur, &c., it has 
no great aflinity, and this is true also of its relation to the metals. 
Yet it can combine with most of them, indirectly, and these com- 
pounds are usually so unstable as to bo explosive. Its attraction 
for carbon is considerable, and carbon is another element which 
stands alone, without congeners. Now, such being tho properties 
of nitrogen, it is evident that complex nitrogenised substances 
must, from containing this element, whoso attractions are equally 
powerful in opposite directions, be peculiarly liable to change. 

It is now doubtful whether, as Gay Lussac supposed, tho 
admission of air to the ferment acts ly oxidation in producing 
the change. For if the air be admitted through a tube loosely 
filled with cotton or asbestus, to a vessel containing grape juice 
or infusion of malt, no change occurs. The reason is supposed 
to be that the air contains the germs of minute fungi, which lind 
in the saccharine juice a pabulum, and are there developed, and 
that this is the immediate origin of that decomposition of the 
fibrine, &o., which enables it to excite fermentation in tho sugar. 

It is well known that ferment or yeast is in a great measure 
made up of a cellular plant, and it would appear that tho germs 
of this plant abound in the atmosphere, and when they lind a 
solution of* fibrine, &c., grow in and in so doing excite a 
decomposition in the fibrine, which being communicated to tho 
sugar, causes it to ferment. The change thus induced in the 
fibrine has beyi supposed to be putrefaction, or a state analogous 
to it, because putrescent organic matter is found to act as a fer- 
ment on sugar. But it must be remembered that such putrescent 
matter, if exposed to air, will contain the germs alluded to. 

Tt has been found, however, that certain solutions, such as 
infusion of meat, and also moist flesh, will putrify and become 
ferments oven when the air admitted has passed through a tube 
filled with cotton or asbestus. It would seem, then, that two 
causes operate in producing that change in fibrine and similar 
bodies, by which they become ferments, although the fibrine in 
grape juice and infusion of malt does not undergo this change in 
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air which has been filtered. In whatever way the change is 
produoed, the fibrine' acquires the property of causing sugar* 
to ferment under the circumstances and conditions already 
mentioned. 

Berzelius and others conceive that the ferment acts by® contact 
in some way not very clearly defined, by catalysis, as it is called, 
as they conceive sulphuric acid to do iu the formation of ether 
from alcohol. But Liebig has proved that in this latter case the 
acid first combines with ether (oxide of etliyle) forming sulpho- 
vinio n<£d (bisulphate of oxide of ethyle), and that this compound, 
at a temperature rather higher than that at which it is formed, 
is decomposed into hydrated sulphuric acid and other which 
distils over. The same chemist has pointed out many other 
instances of the effect of oontact, even in inorganic chemistry ; 
such as the action of oxide of silver oil peroxide of hydrogen, 
where the former compound, by contact with the latter, not only 
decomposes it, causing oxygon to he rapidly given off', but is itself 
decomposed, losing all its oxygen ; the solution in nitric aoid of 
an alloy of platinum and silver, while platinum alone is insoluble 
in that acid ; or the action of carbonate of silver on certain 
organic acids, which cause a disengagement of carbonic acid, this 
disengagement being attended with a partial reduction of the 
oxide of silver. 

These, and many other more familiar cases, particularly those 
where a compound is decomposed with detonation iii consequence 
of a slight touoh, or gentle friction, a moderate elevation of 
temperature, or the contact of another substance, ( e . g. chloride 
of nitrogen with oil) all tend, according to Liebig, to establish 
the doctrine that in certain compounds the balauce of affinities 
is unstable, and therefore easily overturned, either by chemical 
or by mechanical influences. 

The compounds which aye capable of fermentation or any 
similar metamorphosis, are all of tliom bodies in which such an 
unstable equilibrium exists ; they are all, in point of fact, easily 
decomposed by many different agencies, such jts heat, acids, 
bases, oxygen, chlorine, &c. Now, we can offer no other explana- 
tion of these facts of fermentation than this, that when a body 
in a state of progressive change, the particles of which aro 
consequently in a state of motion, is placed in contact with 
another body, the particles of which are in a state of unstable 
equilibrium, the amount of motion mechanically communicated 
to the particles of the latter from those of tho former, is sufficient 
to overturn the existing equilibrium, and, by tho formation of a 
new compound, to establish a new equilibrium more stable under 
the given circumstances. 
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There is nothing unphilosophical in this explanation, and it is 
to be considered as the best theory of fermentation yet attempted. 
According to the view of Liebig, a foment is merely a compound 
in a state 'of decomposition, capable of setting in motion, and 
thereby^bringing also into a state of decomposition, the particles 
of another compound, the existence of which depends on a nice 
balance of affinities. 

On the other hand, the view adopted by Berzelius, according 
to which fermentation, and all the other phenomena of Qfrcmical 
ehango produced by contact are the results of a peculiar unknown 
force, tho catalytio force, coming into action when certain bodies 
are placed in contact, appears unphilosophical, as in the first 
place, assuming the existence of a new force where known forces 
would suffice to explain the facts ; and, secondly, as furnishing 
no real explanation, but merely acknowledging, indirectly, our 
inability to oiler any such explanation. When we ascribe an effect 
to catalysis, we are only saying, in other words, that we cannot 
account for it ; catalysis is thus merely a convenient term for all 
that we do not understand. And to the use of the word in this 
sense, namely, as a name for tho agent which produces certain 
effects, the agent itself being unknown, there would bo no 
objection, were it not that catalysis has been employed to account 
for phenomena not only different from each other, but actually of 
an opposite kind. For example, platinum, in causing the com - 
hination of oxygen and hydrogen, is said to act catalytically, and 
the action of oxide of manganese, or oxide of silver in decom- 
posing peroxide of hydrogen, that is, in causing the separation of 
oxygen and hydrogen, is also called catalytic. This example 
proves how loosely the word has been employed, and how vague 
are the views which hirfe led to its introduction. 

A variety of important and interesting processes come under 
the head of actions caused by ferments ; the productjpn of alcohol 
from sugar, of oil of bitter almonds from amygdaline, and of 
lactio and butyric acids from cano sugar or sugar of milk, are 
all examples o£ this ; and in each of these cases tho ferment is 
peculiar. In tho caso of sugar it is yeast, or gluten undergoing 
eremacausis and putrefaction; in tl^o caso of amygdaline it is 
cmulsinc, a peculiar modification of albumen ; and in the caso of 
cane sugar or sugar of milk, when converted into lactic or butyrio 
acid, it is caseine, tho nitrogenised constituent of the milk. 

The access of air is required at first, as above explained, to 
cause a change in tho gluten, fibrine, or other similar body, which 
then entering into eremacausis, or if air be excluded, into putre- 
faction, are capable of acting as ferments. 

In the actions induced by ferments, we are to distinguish thoso 
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in which some external element or elements are added to those 
of the compound, which cases resemble ordinary decompositions, 
from those in which the elements of the decomposed body merely 
transpose themselves, producing new compounds. The latter 
are properly and strictly termed metamorphoses. Fermentations, 
in which oxygen is absorbed, are examples of eremacausis, and 
it has already been mentioned that a body in a state of erema- 
causis acts on other bodies as an excitant of the same chango, 
that is,^is a ferment. 

Indeed, most ferments, whether they induce eremacausis, or a 
more pure raotamorphosis in other bodies, are themselves in a 
state of eremacausis, at all events in the commencement of the 
change. 

The subject of fermentation and ferments will bo hereafter 
more especially considered, in connection with fermentesciblo 
compounds : here the subject is merely treated in a general 
way. 

Putrefaction, under ordinary circumstances, partakes largely 
of eremacausis, and differs from the ordinary kind only in the 
offensive odour of some of tho products, chiefly compounds of 
sulphur and phosphorus, as sulphuretted and phosphuretted 
hydrogen. When air is excluded, putrefaction goes on, provided 
moisture be present, and it is then a metamorphosis, giving rise, 
in the case of vegetable matter putrefying under water, or in the 
strata of mines, to gaseous products, such as marsh gas and 
olefiant gas, constituting with nir the fire-damp, and oarbonio 
acid, which is the choke-damp, of tho miner. 

Animal matter, in a state of putrefaction, as putrid flesh, blood, 
cheese, or wine, acts as a ferment, and is capable of causing tho 
metamorphosis of sugar into alcohol and oarbonio acid, as well 
as of inducing eremacausis, and also propagating a putrefactive 
decomposition analogous to its own. Thus, it is well known that 
fresh cheese, if inoculated with decaying cheese, soon passes into 
decay, spreading from the seat of the inoculation. 

We shall, hereafter, seo that it is probable that some poisons 
and miasmata act as ferments on the blood. Tho singular 
sausage poison of Wurtomburg is animal matter in a peculiar 
state of decay, and does not contain any poisonous compound , 
only a poisonous state or condition ; and the same principle 
may hereafter bo found to furnish the true explanation of 
contagions. 

Fermentation, putrefaction, and eremacausis are all promoted 
by the samq circumstances, and arrested by the same influences. 
Antiseptics are substances, which, by combining with the 
ferment, or a part of it, or even with the body to bo fermented, 
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.prevent the continuance either of the decomposition in the ferment, 
or of the fermentation itself. Corrosive sublimate and arsenic, 
which are powerful antiseptics, combine with animal matter, and 
form with it stable compounds ; creosote combines energetically 
with albumen, &c., Ac. 

In fermentation, properly so called, the elements of tlic ferment 
take no chemical sharo in the metamorphosis of the body acted 
on by the mechanical agency above explained. That body is 
resolved into two or more new compounds of less complex iftdicals. 
The elements of water may or may not take part in the change ; 
when they do, as in the case of sugar, the weight of the products, 
in this case alcohol and carbonic acid, is equal to that of the 
sugar, plus a certain weight of water. As, when water is 
passed in vapour over carbon at ft white heat, the carbon is shared 
between tlio oxygen and hydrogen, producing carbonic acid (or 
oxide), and earburetted hydrogen, so in the metamorphosis of 
sugar, and other analogous cases, wo have on the one hand an 
oxidised compound, (in the case of sugar represented by carbonic 
acid,) and on the other a compound in which part of the carbon 
is united to all the hydrogen (in the case of sugar, the alcohol). 
Similar results are obtained when alcohol or acetic acid are 
metamorphosed by heat, and this may bo viewed as a general 
character of the metamorphosis of non-nitrogenised bodies ; 
namely, that the carbon is divided between the oxygen and 
hydrogen. 

In putrefaction, again, the ferment plays a chemical part in the 
change, and two or more compounds, the ferment and the putrefying 
body or bodies, combine to give rise to new compounds, with or 
without the elements of water. Putrefaction is generally tlio 
characteristic transformation of nitrogenised compounds, and the 
very great tendency of such compounds to undergo transformations 
is well illustrated by the spontaneous metamorphosis of a solution 
of cyanogen in water. Such a solution contains the four principal 
elements of organic bodies ; and its transformations may be said 
to bo the only ci»e of putrefaction which has been as yet carefully 
studied. 

The solution after a time beoom<** brown and turbid, and 
deposits a dark matter, containing ammonia, united to a compound 
formed of the elements of cyanogen along with those of water. 
This matter being insoluble, undergoes no further change. Such 
a compound might arise from the reaction between 2 eq. cyanogen, 
and 4 eq. water; thus 2 GVN-f 4 110 = Nils -f (C*HNO*); 
according to some, the brown matter contains no ammonia, and is 
C* N a HO = 2 C a N + IIO. 

Another change is that in w’hich water is decomposed, each 
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of its elements uniting with cyanogen, and producing cyanic 
and hydrocyanio acids; thus: 2 II 0 + 2 C a N = (C a N, 0 -f* 
HO) + H, C a N. 

Another metamorphosis gives rise to oxalic acid and ammonia. 
In this case, 1 eq. cyanogen acts on 3 eq. of water ; thus :C a N-f- 

3no = NHs + e a o 3 . 

But cyanic acid cannot exist in contact with water and other 
acids : it is instantly metamorphosed into bicarbonate of ammo- 
nia ; thus : C a NO + 3 IIO = Nils + 2 CO a . 

Towards the end of the process, when ammonia has become 
predominant, tho cyanic acid produced undergoes a different 
metamorphosis. It now unites with water and ammonia, and 
may possibly for a time exist us hydrated cyauate of ammonia ; 
but at all events that salt, if formed at all, is soon transformed 
into urea. Nils -f C 2 NO -f HO = C a I U N a 0 2 = urea. 

Again, the hydrocyanic acid gives rise to another brown solid 
body, containing cyanogen or paracyanogen (possibly mellone 
also), and hydrogen; and, along with this, oxalic acid, urea, and 
carbonic acid, by metamorphoses already described. 

Lastly, the hydrocyanic acid in contact with water, and an acid 
or an alkali (here oxalic acid or ammonia), undergoes another 
mo tamor pliosis, and is transformed into formic acid and ammonia; 
thus : II, C a N + 4 II 0 = NIL + C a H 0, , H 0. 

Thus cyanogen, a binary compound, along with water, another 
binary compound, gives rise to no less than eight different com- 
pounds ; 1st, the black compound, containing the elements of 
cyanogen and those of water, possibly CiHN a O: 2nd, am- 
monia, NII 3 : 3rd, cyanic acid, II 0, C 2 N 0: 4tli, hydrocyanic 
acid, IT, C a N : 5th, oxalic acid, C a 0 3 : 6th, carbonic acid : 7th, 
a brown solid, containing cyanogen (paracyanogen) and hydro- 
gen : 8th, formic acid, C 3 II 0 3 , II 0 ; and in addition to these, 
three bodi(#i, formed by the combination of two of the above 
eight, and containing all the four elements ; namely, 9th, oxalate 
of ammonia : 10th, bicarbonate of ammonia : lltli, urea. 

This striking examplo is well adapted to give a clear idea of 
the immense variety attainable, when, instead of two binary 
compounds, two ternary $r two quaternary compounds, along 
with wator, are concerned ; and of the slight modifications of 
external circumstances which are required to produce results so 
varied, all the above substances being produced in a liquid at tho 
usual temperature. 

Perhaps the best definition of putrefaction and of fermentation 
is that recently given by Liebig, in his “ Letters on Chemistry.”* 


* Third Edition, 1851, Taylor, Walton, and Maberly. 
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A putrcscible body is ono generally, perhaps always, nitrogenised, 
which, in contact with air and moisture, and at a certain tempe- 
rature, undergoes a spontaneous decomposition. When in this 
state it is putrescent , and is a ferment . A fermenteseible body is 
ono which, by itself, or simply dissolved in water, docs not 
undergo any decomposition ; but, when in contact with a putres- 
cent body, is resolved into new products, or enters into fermenta- 
tion. As fermentation is produced by the communication of 
motion from the atoms , not the molecules , of the putrescent body, 
to the atoms of the fermenteseible one, the process requires time : 
and the samo is true of putrefaction itself. And as the ferment 
can only act as long as its atoms are in motion, so its power of 
exciting fermentation must cease as soon as its own decomposi- 
tion is complete, and not before. Ilcnce a given weight of 
ferment can only cause the fermentation of a limited quantity of 
sugar, or of any other fermenteseible compound. 

Decomposition of Organic Compounds by the Galvanic Current . 
— -When organic compounds are subjected to the action of a 
powerful galvanic current, they aro frequently decomposed. 
Oxidised products are formed at the positive pole, and at tho 
negative polo hydrogen generally appears, being possibly derived 
from tho decomposition of water, the oxygen of which has 
oxidised a part of the substanco. 

When aeetato of potash, dissolved in water, is acted on by a 
battery of four Bunsen’s cells, hydrogen is given off at the negative 
pole, and at the positive pole appears a mixture of carbonic acid 
and methvle gases, while the potash is converted into carbonate. 
Thus, 2 (KO, C* H 8 0» ) + 2 H 0 = H a + 2 OO a -f 2 C a H 3 + 2 
(KO, CO.). 

In like manner, from tho potash salt of any other acid of the 
series to which acetic acid belongs, wo can obtain the radical of 
the mothylio scries, having 2 eqs. less of carbon tlgin the acid. 
As acetate of potash yields methyle, 0 2 Hs , so propylate of potash 
yields ethyle, C* II 5 ; butyrate of potash yields propyle, Co ID , 
and so on. 

This example will show, that by means of tho galvanio current 
wo may procure compounds which might otherwise be unattain- 
able, and that much light may be also thrown on tho constitution 
of organic substances. 

It is hoped that tho above sketch of the doctrine of the 
chemical changes and metamorphoses of organic compounds will 
suffico to enable the student to follow the individual processes and 
reactions, to be hereafter mentioned, which, owing to our limited 
space, we must treat with great brevity. 
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ARTIFICIAL FORMATION OF ORGANIC CdMPOUNDS. 

The various processes briefly described in the preceding 
sections, and others, have of late greatly extended our power of 
artificially producing organic compounds. But as might be 
expected, wo find it easier to destroy, by various means, the 
complex molecules of organic nature, than to build up, as naturo 
does, such complex molecules from more simple ones. 

The most powerful agent wo havo is oxidation, and by its 
means we can produce, from complex organic bodies, a large 
number of less complex products found in nature. We possess, 
also, the various processes of fermentation, putrefaction, and 
decay, by which we can produce similar results. Thus by 
oxidising uric acid, we can form urea, allantoijie, oxalic acid, 
ammonia, carbonic acid, and water, all of which are formed from 
it in the body. By oxidising the albuminous or sanguigenous 
bodies, we can form such products as formic, acetic, propylie, 
butyrio, valerianic, and benzoic acids, besides various crystalline 
products, such as glycocoll, leucine, and tyrosine, — the two former 
found in the body, the latter not yet fouud in naturo, — as well as 
oil of bitter almonds, hydrocyanic acid, ammonia, and of course 
COa and IIO. By oxidising oils, we can produce many of the 
volatile oily acids. By oxidising sugar or starch, we can produce 
oxalio and formic acids. By the fermentation of sugar we can 
produce — first, alcohol and carbonic acid ; second, lactic acid ; 
third, gum and mannite ; fourth, butyric acid ; fifth, ainylio 
alcohol, and capric acid. By the fermentation of amygdaline, 
we oan produce oil of bitter almonds, hydrocyanic acid, sugar 
and formio acid. The oil of bitter almonds, by oxidation, 
becomes benzoic acid. Hippurie acid, boiled with hydrochloric 
acid, yields glycocoll and benzoic acid. By the oxidation of 
salicine, wotorm salicylio acid and also the oil of spirrca. Wood, 
when distilled, yields, among other products, pyroxylic spirit, or 
hydrated oxide of methyle ; and we find in the o^l of Gaultheria 
procumbent, salicylio acid combined with oxide of methyle. By 
the formentataion of salicine. wo form grape sugar and saligenino. 
By that of asparagine, wo obtain succiuic acid, which is also formed 
in the fermentation of malato of lime. In all these cases, and 
many more, complex molcoules are resolved into less complex, as 
we approach nearer to COa*, HO and NIJ3. 

But, although the task is more difficult, we havo also made 
some progress in the opposite process, that of building up more 
complex out of less complex molecules. It is true, we have 
succeeded, as yet, in very few instances iu thus producing natural 
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products. Artificial urea, however, is a proof that it is not 
impossible. A solution of cyanate of ammonia passes rapidly 
into urea when warmed. Wo have already seen the results of 
the spontaneous action of cyanogen and water, several of which 
are morS complex than those compounds. Tho volatile bases 
already alluded to are in many cases formed by adding complex 
molecules to simpler ones, as will be described hereafter. 

One very striking example of the power we have of building 
up more complex out of less complex molecules is afibwlcd by 
the oil of bitter almonds. When this oil is acted on by. 
ammonia, there is formed from 3 cqs. of the oil and 2 of N Ifa , 6 
of 11 0 being separated, the body Gw N« ILs. Here is a 
complex molecule. This body, hydrobenzamido, is neutral ; but 
when boiled with potash, it is changed to an isomeric base, 
amarine, Cw lli«, which much resembles natural bases. By 
the same process, from oil of bran or furfurole is produced by 
N.II 3 , first, furfiiramide, a neutral body ; and when this is 
boiled with potash, 2 cqs. coalesco to form one of a new base, 
furfurinc, which not only resembles tho natural bases, but is 
actually used as an antiperiodic remedy. It is to be noted that 
almost all the processes by which wo produce more complex 
from less complex molecules arc processes of reduction , that is, 
of deoxidation . The action of ammonia tends to remove oxygen in 
the form of water ; and a whole class of bases are obtained by the 
action of a very powerful reducing agent, hydrosulphuret of 
ammonia, on substitution products in which II has boon replaced 
by NO*. It can hardly bo doubted that, in process of time, we 
shall discover the means of producing the natural bases, such as 
morphine uud quinine. AVo already know how wo could with 
certainty produce coniine and nicotine if we had only the corre- 
sponding carbobydrogens, bearing tlio same relation to these bases 
as benzole or hydurot of phenyle does* to aniline. A r*i these oils 
or oarbohydrogens will very probably soon be discovered. I 11 the 
same way, if we can discover, as we probably shall, the true con- 
stitution of morphino and quinine, and the substance from which 
the plants form them, — which will one day be done by studying 
the juices of these plants in all stage* of growth, — we shall then 
have little difficulty in forming such bases. We have the principle 
and tho process, the materials only are wanting. 

OltQAHIC ACIDS. 

Tho acids met with in organic chemistry are principally 
compounds of carbon, hydrogen, and oxygen, although some do 
ooutain also nitrogen. They are distinguished from inoxganio 
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acids by their high atomic weight, and by the action of heat, 
which decomposes them all. As, in many of them, the oxygen 
they contain is a multiple by a whole number of the oxygen of 
the bases which neutralise them, so they are viewed as oxygen 
acids by those who consider true sulphurio acid to be an oxygen 
acid, SOa, and oil of vitriol to be its hydrate, HO, SOa. In 
the case of acetic acid, for example, the formula of which is 
(C* Ha ) Oa , HO, the compound (C* Ha ) Oa , though not possessing 
acid properties, is called dry acetic acid, and the strong acetic acid 
is considered as its hydrate ; and the analogy is supposed to be 
fortified by the fact that dry acetic acid, like dry sulphurio acid, 
contains 3 cqs. oxygen, and neutralises 1 eq. of base, M O, 
containing 1 eq. of oxygen. 

But a careful study of the organic acids leads us to apply to 
them the same theory which we liavo already adopted for tho 
inorganic acids, and to consider them as compounds of hydrogen, 
with compound radicals, usually consisting of carbon, hydrogen, 
and oxygen. On this view, as oil of vitriol is H, SO*, tho 
strongest acetic aoid is H, (C* Ha) 0*. It is true that this 
radical, (C* Ha) 0*, does not exist, or is not known in tho 
separate form ; but the same remark applies to many other com- 
pounds, both in inorganic and in organic chemistry, which, never- 
theless, are believed to exist. The supposed radicals S 0* and 
N Oa , are still unknown in the separate forms. 

The existence of compound radicals in organic acids is not more 
difficult to imagine than that of SO*, the compound radical of 
sulphurio acid, for (C* Ha) 0*, only differs from it in containing 
three elements instead of two ; indeed, as some ternary organio 
radicals are known in the separate form, we actually derive an 
argument from organic acids in favour of the existence of com- 
pound radicals in inorganic acids. Thus, the radical or organio 
metal, kak*dyle, forms kafeodylio acid. 

But we find, among organio acids, a much larger proportion 
whioh are bibasic, tribasic, in short polybasic, than occurs among 
inorganic acids. Referring to what was said of tho monobasic, 
bibasic, and tribasio phosphoric acids, it will be easily understood 
that while acetic acid, fo» example, is monobasic, tartario acid, 
malio aoid, komenio acid, alloxanic acid, and others, are bibasic ; 
that citric acid and meconio aoid are tribasic, and that saccharic 
acid is quinquebasio. And as the three modifications of phos- 
phoric aoid were described on the old view as monohydrated, 
bihydrated, and terhydrated, and on the new view, as containing, 
respectively, 1, 2, and 3 eqs. of hydrogen, replaceable by metals, 
so tartaric acid may be cither Cs H* Oio, 2 H 0 or Ca H* Oia, Hs 5 
malio aoid may be Cs H* Os, 2 H 0 or Cs H* Oio, Hs; and so on; 
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while citric acid may be either C\a Ha On, 3 H 0 or Ci« Hs Ow, 
Ha , and meconic acid, Cu H On, 3 H 0 , or Ci*> H On, Ha ; 
and lastly, saccharic aoid may be Cia Ha On, 5 II 0 ; or 
Cia Ha Oia, Ha. 

In such polybasic aoids, there is always some hydrogen in the 
radioal, of which it is a constituent, and some oombined with the 
radical, and replaceable by its equivalent of metals. It is only 
this latter hydrogen, the amount of which affects the neutralising 
power of the acid. 

How, among the phenomena of the aotion of bases on organic 
acids, we have some facts which seem almost to demonstrate the 
existence of this replaceable hydrogen, as such, and thus to 
establish the new theory of acids. Thus, meconic acid, which is 
tribasic, forms, like tribasic phosphoric acid, throe series of salts, 
in which 1, 2, or 3 eqs. of hydrogen are replaced by metal. Hut 
while the meconic acid, as well as the tribasic phosphoric acid, 
readily forms with oxide of silver, the salt in which all the 
hydrogen is replaced by silver ; it cannot form, or forms with 
difficulty, a similar salt with potash, with which it forms very 
easily salts with 1 and 2 eqs. of metal, and 2 or 1 eqs. of 
hydrogen. Here we have the apparent contradiction of a weak 
base, oxide of silver, neutralising the acid easily and completely ; 
whilo a strong base, potash, leaves it imperfectly neutralised. 
This cannot, I think, be acoounted for on the old view, and many 
similar cases might bo mentioned. On the new view, such 
appareut anomalies disappear ; for since the neutralisation depends 
on the replacement of hydrogen by a nutal, it is evident that an 
oxide which is easily reduced, or deprived of its oxygen by 
hydrogen, like oxide of silver, will most easily neutralise acids, 
while a difficultly reducible oxide, such as potash, cannot he so 
far reduced as to yield 3 eqs. of metal, so as to form the neutral 
salt. 

Anhydrous Organic Acids . — For a long time the most im- 
portant and best known organic acids were known only as hydrates, 
and it was supposed that the anhydrous acids could not exist in 
the separate state. Hut about the same time that anhydrous 
nitrio acid was first obtained, Gerhaardt, by a very ingenious 
method, obtained several anhydrous organic acids. 

The method consists in acting on the hydrated aoids or their 
salts with, the pcrchloride of phosphorus, tho terchlorido of phos- 
phorus, the oxychloride of phosphorus, or the oxychlorides of 
organic radicals, such as acctyle or benzoyle. 

The simplest case is such as this : 1 eq. of acetate of potash, 
acted on by 1 eq, of oxychloride of aoetyle, yields 1 eq. of chlo- 
ride of potassium, and 2 eqs. of anhydrous aoctio aoid. 
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C* H, 0* , K 0 + C. H, 0, J _ K a + 2 Ci Ha 0i 

When the chlorides of phosphorus act on the acetate of potash, 
there are two stages in the action. In the first, phosphate of 
potash and oxychloride of aoetyle ; in the second, the latter body 
acts as above on a new portion of the acetate. 

The anhydrous organic acids are not, strictly speaking, acid 
bodies, but only become acids when the elements of water are 
added* They are either liquid or crystallised, volatile, and on 
contact with water or bases, pass into the usual form. They are 
called, to distinguish them from the true acids, anhydrides . We 
are acquainted with those of many organic acids, both monobasic 
and bibasic. 

We have already stated that many organic compounds are 
derived from the type water § 0 f ' Now, tho true organic acids 

are formed from this type by the substitution of organic acid 
radicals for the hydrogen, when only 1 eq. of hydrogen is 
thus replaced. But tho anhydrides are derived from the same 
type by the replacement of all the hydrogen by the acid radical ; 
or, what amounts to tho same thing, they are derived from 
the hydrated acids when 2 cqs. lose all the basic water they 
contain. 

Borne chemists consider that the true radical of acetic acid, tho 
true aoetyle, is not C* Ha , but C* H3 Oj . If water he repre- 
sented by | O2 ; hydrated acetic acid will be j Oa 

and its anhydride will be ^ q* | O2 , w r hich is = 2 (C* H3 Oa ). 

The same view may be extended to all the organic acids, and is a 
very probable ono. 

Anotheiferemarkable fact, showing the propriety of adopting as 
the type of organic acids and many other bodies the type of water, 
HO) H ) 

written thus, jj q > or jj V O2 , is this, that we can obtain double 

anhydrides. Thus, when chloride of benzoyle acts on acetate of 
potash, we obtain the anhydride 


O4 HnO* 
C14 Hs O a 


} 


0 *, 


whioh is a compound of anhydrous acctio acid with anhydrous 
benzoic acid. Such compounds form, with water, a mixture of 
the two hydrated acids. 

There are other kinds of organic acids which are what may 
be called coupled acids; that is to say, they contain an acid 
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coupled with another body, which does not neutralise the acid, 
but accompanies it in all its combinations. Thus, in hypo- 
sulphonaphthalio acid, C20 H7 S2 Os , H 0 , wo have hyposulphurio 
acid, Sa O5, coupled with the body, Cao H 7 , and the coupled 
acid neutralises exactly as much base as the hyposulphurio acid 
alone would do. Again, formobonzoilio aoid Cm H 7 0 5 , H 0, 
may bo viewed as a coupled acid, consisting of formio acid 
C a n 0 8| HO and oil of bitter almonds (hyduret of bonzoyle) 
Cn, IIo O a , which neutralises just as much base as the formic acid 
alone. Those coupled acids which contain hyposulphurio acid, 
as is often the case, are formed by the action of oil of vitriol, or 
of anhydrous sulphuric aoid, on organic bodies, when 2 eqs. of 
acid, losing 1 eq. oxygen, form hyposulphurio acid ; which com- 
monly unites with the organic matter ?ninus 1 eq. hydrogen r that 
hydrogen having combined with tho oxygen derived from the 
sulphuric acid. 


In the following pages we shall adopt the arrangement of 
Liobig, which has the advantage of uniting those substanoes 
which are naturally allied in composition. It proceeds, in the 
first place, on the principle of describing, under each known or 
admitted organic radical, all the compounds derived from, or 
closely connected with it. After having gone through these, it 
takes up the consideration of the best known organic acids, 
including the oily acids ; then the neutral oils, fat, and essential ; 
tho resins ; the non -nitrogenous colouring matters, bitter and 
extractive principles, nitrogenised colouring matters and their 
congeners ; the organio bases ; starch ; gum ; woody fibre ; 
destructive distillation of wood, of lignite, of coal : nitrogenised 
and sulphurised vegetable principles* albumen, &o., the modi- 
fications of those in the animal kingdom : bile : nervous matter : 
gastric juice: saliva: excrements: urine: blood: lymph, &c. 
And the whole ra wound up with considerations on the nutrition 
of plants and animals. 

This arrangement is not a scientific one, and in the present 
state of our knowledge suoh an arrangement is, I fear, unattain- 
able. Jlut it is very convenient, and by judicious grouping, 
very much facilitates tho learning and the retaining in the 
memory of the immense mass of facts which at present constitute 
organic chemistry. 

We proceed, therefore, to consider those organic radicals 
which are admitted by the best authorities, although they are 
not always known in the separate state. The first compound 

E 2 
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radicals that attract our attention are certain binary ones, already 
mentioned as binary compounds, but not in their character of 
radicals (Inorganic Chemistry) ; these are omido or amidogen, 
cyanogen, and earbonio oxide. 

I. Amide. N Ha=r Ad = 16. 

Syn. Amidogen . — It has already been mentioned that oertain 
compounds exist, in which we can hardly doubt that this 
substance is present. Thus, potassium or sodium, heated in 
dry ammoniacal gas, disengages 1 eq. of hydrogen, forming the 
compound KN Ila or Na N Ha, When these arc put into 
water, potash or soda is formed, while ammonia is set free: 
K, N Ha + H 0 =5 K 0 *f N Ha . Again, when oxalate of 
ammonia, NHs, II 0, Ca Oa is heated,* there are formed, water 
which distils over, and the compound NHa Ca Oa which remains 
behind: thus, Nila, HO, CaOa= 2110 4-NHaCaOa. The latter 
compound is called oxamido, and is a sparingly soluble whito 
powder, neutral or indifferent in itself, but yielding, when 
digested with an alkali, ammonia, which escapes, and oxalio acid, 
which combines with the alkali. Or if oxamide be heated with 
diluted sulphuric aoid, it yields ammonia which combines with 
the acid, and oxalio aoid which crystallises in cooling. In both 
cases water is decomposed : thus N Ha Ca Oa 4- 2 11 0 = N Ha , 

IlO + CaOa. 

Now oxamide is interesting, as being the typo of a class of 
compounds, all of which, when heated with an alkali or an acid, 
yield ammonia and an aoid, the ammonia and the anhydrous acid 
together containing just 1 or 2 eqs. of water more than the 
compound which, with the aid of water, has yielded them. If wo 
consider oxamide as N Ha -f- Ca Oa; that is, as composed of 
amide (or ammonia minus hydrogen, N Ha ), and the radical 
oarbonio o*dde (or oxalic acid minus oxygen, Ca O 2 ), then all its 
oongeners are likewise compounds of amide, on the one hand, 
and an anhydrous organio aoid, minus oxygon, on the othor. On 
this view ben z amide is benzoate of ammonia, minus water, 
(N Ha 4* Ci* Ha Oa, H 0) —2 H 0=N Ha 4* Ci* Ha Oa; or it 
is amide plus bonzoyle (the radical of benzoio acid, Cu Ho Oa ). 
Therefore, when benzamide is acted on by potash, ammonia is 
given off, and benzoate of potash is left ; and when it is heated 
with au acid, a salt of that acid with ammonia is obtained, while 
benzoic acid crystallises. There are a good many similar com- 
pounds which are called amides, and ore viewed as compounds 
of amide. 

It is obvious that the distinctive characters of amide, which 
is not known iu the separate form, are its powerful affinity for 
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hydrogen, and its equally strong tendenoy to oomhiue with 
radicals which have a very great affinity for oxygen, such as those 
already mentioned, potassium, sodium, the radical Ca Oa , and the 
radical benzoyle. It is, probably, on account of its having so 
great an affinity for elements of the most opposite kind, that we 
cannot obtain it in the separate form. 

With hydrogen amide forms two compounds, ammonia, Ad H, 
and ammonium, Ad Ha. The former may be called, in this 
view, hydramide. The latter, as has been already explained 
(Inorganic Chemistry), is considered to be a compound metal. 

It is very remarkable, that, when ammonia or hydramide 
combines with an acid, the resultiug compound is not a salt, 
unless the acid contain; hydrogen. Thus, hydramide, with dry 
sulphuric acid, S Oa , forms a compound which is not a sulphate of 
ammonia, and is not a salt at all. Hut if, instead of S Oa , we 
employ oil of vitriol, H 0, S Oa , or H, SO*, sulphate of ammonia, 
a true salt, is obtained. 

Here we may conclude that Ad H, in contact with H, S 0* , 
takes the hydrogen, forming ammonium, and that the resulting 
salt is composed of Ad Ha -f- S 0* ; that is, a metal combined 
with the sulphuric acid radical, just as sulphate of potash is 
K, S 0*. In all the true salts of ammonia, therefore, Ad IIa = 
Am (Ammonium) occupies the place of a metal, and may be 
replaced by a metal ; and even if wo consider sulphate of 
potash to be KO, S Oa , we have only to view sulphate of 
ammonia as N H* 0, S Oa = Ad Ha 0, S Os = Am 0, S Oa , that 
is, sulphate of oxide of ammonium. 

It must be borne in mind, however, that although all the 
chemical relations of these compounds confirm the ammonium 
theory, yet neither ammonium nor its oxide aro capable of exist-* 
ing uncombined; for ammonium, when separated, is resolved 
into ammonia and hydrogen : and bxide of ammotium, when 
eeparated, assumes the forms of ammonia and water. 

This obviously depends on the more feeble attraction of nitrogen 
for the fourth flq. of hydrogen in ammonium than for the other 
three, and the very strong attraction of hydrogen for oxygen. 
H H* separates, when liberated, int <f N Hs, a very permanent 
compound, and H ; while N H* 0 or Am 0, which, if it could be 
obtained either anhydrous, or hydrated, as Am 0, H 0, would 
certainly much resemble potash K 0, or caustic potash, K 0, H 0, 
is resolved into N Hs -f II 0 or N Hs + 2 II 0. Perhaps the 
hydrated oxide of ammonium might exist at a very low tempera* 
ture, or under a very great pressure, oombined with intense oold» 
We shall see that when the four eqs. of hydrogen in ammonium 
are replaoed by methyle or ethyle, which have less attraction for 
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oxygen than hydrogen has, we obtain permanent compounds, 
which are hydrated bases, astonishingly analogous, both in con- 
stitution and properties, to caustic potash. 

Of the chiof compounds of amide, ammonia or hydramide has 
been previously described. It remains for us to direct attention 
to this substance as constantly present in the atmosphere in 
minute quantity, from whence it descends in the rain, being an 
absolutely indispensable agent in vegetation. We have already 
seen that the putrefaotion and eremaoausis of nitrogenised com- 
pounds yields carbonate of ammonia as a product. Its presence 
in the air is therefore certain, d prior », even although wo cannot 
detect it until it is condensed and accumulated in rain. It is, 
however, absorbed from the air by almost all minerals and soils, 
especially aluminous and ferruginous soils, which retain it so as 
to prevent its being washed away by rain ; henco a trace of 
ammonia is often found where it is not expected, and whore it 
has been erroneously believed to have been formed by the direct 
union of hydrogen and nitrogen. This is the true explanation of 
the very remarkable and accurate experiments of Faraday, which 
have been confirmed by Will and Varrentrapp. 

As an ingredient of manures, ammonia is most valuable. Its 
action on growing vegetables will be heroafter explained. 

Ammonia forms a large number of compounds with the oxides 
of metals, the chlorides of metals, of sulphur, and of phosphorus, 
and finally with salts in general. These belong rather to 
inorganic chemistry, and the limited size of this work forbids us 
to describe them in detail. 

But it is proper here briefly to notice the compounds formed 
by amide with metals, inasmuch as amide is hero viewed as an 
organio radical, and some of these compounds are very important 
in reference to organic chemistry. 

Amide tlsn forms compounds with potassium, sodium, mercury, 
copper, silver, and platinum. The two former are of a greenish 
olive colour, and their aotion on water has been described above. 
The amide or amidide of mercury, Tig Ad, is not known in 
a separate state, but forms with bichloride of mercury the salt 
called white precipitate, H| Ad -f Hg Cl a . 

This salt is prepared by adding ammonia to a solution of 
biohloride of mercury. When boiled with potash, it yields 
another sal^, Hg Ad + Hg Cla + Hg O a . The amidide of mercury 
also combinos with the basio sulphate, and the basic nitrates of 
the same metal, forming, with the basio protonitrate, the soluble 
mercury of Hahnemann. 

The amidide of copper, Ad Cu, is only known in combination 
with the hyposulphate and with the nitrate of ammonia. 
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The amidide of silver, Ag Ad, is known in combination with 
the nitrate, sulphate, seleniato and chromate of ammonia. 

But it is the- amidide of platinum which offers the greatest 
interest, as it gives rise to several very singular compounds, 
exhibiting the characters of very powerful bases. These re- 
markable substances have been studied by Gros, Iteiset, 
Pcyrone, Gerhardt, and others, but aro yet far from being 
understood. We shall endeavour briefly to state what is known 
of them. 

When biohlorido of platinum, Pt CI 2 , is heated for some time, 
to nearly the molting point of tin, it loses half its ohlorino, and 
is converted into protochloride, Pt Cl, which forms a powder of 
a dirty brownish-green colour, insoluble in water. By continued 
digestion in ammonia, with the aid of heat, the protochloride 
is flrst changed into a green crystalline compound, which Anally 
dissolves entiroly, forming a yellowish solution, which on 
evaporation deposits yellowish- white prismatic crystals. The 
green crystalline compound, discovered by Magnus, contains 
the elements of protochloride of platinum and those of am- 
monia, Pt Cl N H 3 ; the yellowish- white crystals, discovered by 
Iteiset, contain twice as much ammonia and the elements of water, 
Pt Cl, 2 N Hs + aq. 

These two compounds are very remarkable ; neither of them 
contains ammonia as such; both are insoluble in hydrochloric 
and dilute sulphuric acids. But the green compound of Magnus 
dissolves in nitric acid, with evolution of nitrous acid, and the 
solution on cooling deposits white crystalline soales, while the 
liquid contains no ammonia. These white scales, discovered by 
Gros, are the nitrate of a new base, Pt Cl N He O ; which may 
be derived from 2 eq. of the insoluble compound of Magnus, 
Pta Cla Na Ha , by the loss of 1 eq. of protochloride of platinum 
and the addition of 1 eq. of oxygeif. This base tots exactly 
like the basio oxide of a metal, or like oxide of ammonium, 
N H* 0, combining with acids and forming neutral salts. It not 
only forms salt^with nitric and sulphurio acids and the like, but 
with hydrochlorio acid it yields a heavy crystalline powder, 
which is a chloride, bearing the sftme relation to the base as 
chloride of ammonium, N II* Cl (sal ammoniac), does to oxide 
of ammonium. This chloride, therefore, is Pt Cl Na Ho Cl, and 
the radical of the oxide or base, and of the ohloride, will be 
Pt Cl Na Ha, corresponding to ammonium, N lit i. Although 
Gros did not isolate either the radioal or its oxide, yet from the 
characters and composition of its salts, there can be no doubt of 
its existence. If we represent this radical Pt Cl Ns Ho by It, 
then we have 
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BO = oxide, the base of the salts, analogous to K 0 or N H* , 0 
BO + SOs=R + S 0* = sulphate, analogous to K, SO* 

RO + NO® = R + N 0« = nifcrate, analogous to K, N 0® 

B 01 = chloride, analogous to K Cl or N H*, Cl. 

The soluble crystalline compound of Reiset, Pt Cl Na Ho + aq. 
when heated to 21 2°, becomes anhydrous, and is then Pt Cl Na 
H® , that is, it has the same composition as the radical of the base 
and salts of Gros. But it is not this radical ; on the contrary, it 
is the # ohloride of a different radical, Pt Nalle, and its true 
formula is Pt Na Ho -f Cl. 

This new radical is also perfectly analogous to ammonium, as 
may be exhibited in a tabular form as follows. 


Ammonium NH*= Am 


Chlorine ! 

Compound. ! 8ul P hato * 


Am Cl 
R' Cl 


Am S 0® 
R'S 0* 


Nitrate. 


Am N On 
R'NO® 


Double Chloride) 
with Platinum. 


Am Cl + rt Ola 
IV Cl + Pt CL 


In tbe oaso of ammonium, we cannot isolate the oxide Am 0 
= N H* 0, as it instantly resolves itself into ammonia and water, 
N Ha + HO, But the oxide of Reisers platinum radical, R' O, 
= Pt Na He 0, or rather its hydrate Pt Na Ho 0 4- aq. is easily 
obtained from the sulphate by adding just so much baryta as will 
removo the sulphurio acid, and evaporating the filtered solution in 
vacuo, when the hydrated oxide crystallises in colourless needles. 
This compound is strikingly analogous to hydrate of potash : it is 
a powerful caustic, attracts carbonio acid from the air as strongly 
as potash, and exhibits all tho ohemioal characters of one of tho 
strongest alkalies. Few compounds are so remarkable as this 
base. We^hall call it the base a. 

This singular oompound may be viewed as containing the 
elements of protoxide of platinum, ammonia and water, Pt 0, 
2 N Ha, H 0. When heated to 212°, it loses its water and half 
its ammonia, leaving a compound Pt N Ha 0 or Pt 0, N Ha , 
which appears to be another new base, b } combining with acids 
and forming salts which detonate when heated. This last com- 
pound, when heated in the air, burns like tinder, and leaves 
metallio platinum, It is the oxide of a third radical, b, = 
Pt N Ha • 

With hydrochloric acid the base a of Reiset yields water and 
the original chlorine compound, thus : Pt Na He, 0 + H Cl = 
ft Na Ha , C1 -f H 0. When this chloride is heated to from 265° 
to 290°, it loses ammonia, and there is left a yellow powder, 
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discovered by Peyrone, which dissolves easily in hot water, and has 
the composition of tho green insoluble crystalline compound of 
Magnus, Pt Cl N Hs , of which it is an isomeric modification. 
Indeed, the compound of Magnus, (although insoluble in hot 
water,) if boiled with a saturated solution of sulphate or nitrate 
of ammonia, dissolves, and is deposited on oooling in yellow 
crystals. The yellow ammoniated protoohlorido of platinum of 
Peyrone readily dissolves in ammonia, and the solution yields 
fine colourless prisms of the original chlorine compound of Reiset, 
but apparently not containing 1 eq. of water of crystallisation, 
which is said to be present in the yellowish-white crystals 
obtained by Reiset from tho green compound of Magnus. 

When the yellow compound of Peyrone is acted on by nitrate of 
silver, it yields chloride of silver, and two new compounds 
containing nitrio acid and platinum, one of which forms yellow 
octahedrons. 

If tho sulphate of Reisers base, Pt N 2 H« -f S O*, be acted on 
by iodide of barium, Ba I, there is formed sulphate of baryta, 
Ba S 0*, and a protoiodide of Reiset’ s radical, a, Pt Na Ho, I. 
This iodide is solublo and crystallisable, aud wben boiled with 
water, loses ammonia, while a new iodine compound is precipi- 
tated, Pt N Ha , I, corresponding to the chlorine compound of 
Peyrone and to that of Magnus, both of which are Pt N Hs Cl. 

This new iodine compound seems to be the iodide of tho third 
radical, 6 , Pt N IP* ; for when acted on by nitrate or sulphate of 
silver, it yields iodide of silver, and a nitrato or sulphate of this 
new radical or of its oxide, Pt N Ha , I + Ag, S 0* = Pt N TIs , 
SO* + Agl; and Pt NHs, I + Ag, NOo = PtNHs, NOo-f 
Ag I. These new salts may of course be represented as Pt N Ha, 
0 + S Oa , and Pt N H 3 , 0 4- N 0 » . With ammonia, these salts 
yield the nitrate and sulphate of Reiset’ s base a ; and with 
hydrochloric acid they yield the yellow compounds Peyrone. 
This would indicate that the latter compound is Pt N IIs , Cl, the 
chloride of the radical Pt Nils, while the grocn salt of Magnus 
may be the ammoniated protocliloride of platinum Pt Cl + N Hs, 
or probably Pt Cl N Hs + aq. 

Here we have, at all events, throe Very remarkable compounds, 
which contain platinum and the elements of ammonia. There is, 
first, the radical b last described, Pt N Hs ; secondly, the radical 
of Reiset ’ b base, a, Pt Ns Ho j and thirdly, the radical of Gros’s 
'base, PtCl, N.H.. 

Now we have given the history of these compounds somewhat 
minutely, because their existence throws much light on the 
nature of a numerous and important class of bodies, namely, the 
vegetable bases or alkaloids. 
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It will Ijo observed) then, that the three new radicals above 
described all contain nitrogen ; indeed, all contain the elements of 
ammonia, and are in their ohemioal relations entirely analogous 
to ammonium. Thus we have 


Ammonium 
Radical of 
Reiset’s * » 

base b 
Radical of 
Reisefc's ► 
base a 

Radical of 1 
tiros’ s base / 


Radical. 

Oxide. 

Chloride. 

Sulphate. 

N H* 

N II* 4-0 

N Hi + Cl 

N III 4- SO* 

PtNHs 

PtNHs +0 

PtN Ha + Cl 

PtNHs + SO* 

Pt Ns Ha 

Ft Ns Ho +0 

I'tNsII,. + Cl 

imn»+ so. 


iPt Cl Ns Ilo Ft 01 Ns Ho + 0;PtCl Ns Ho +Cl!l , tClNaHo 4- SO* 

! I I 


I 


That the above formula represent in some respects truly the 
relation of these new bases to one another, is rendered probable 
by the fact that while the radical and base b of Rtiset differ from 
his radical and base a by containing 1 cq. of ammonia less, and 
these last from those of Gros by containing 1 eq. of chlorine less, 
we can actually transform the salts of Ueisetfs base b into those of 
his base a, by the addition of ammonia ; and the nitrate of Reisct’s 
base a, by tfio addition of chlorine, yields a salt having the 
properties of the nitrate of Gres’ s base. 

Now we have seen that ammonium may bo viewed as a com- 
pound of amide, as N Hs + Ha = Ad IIs . May wo not there- 
fore suppose the new radicals to bo also compounds of amide ? 
May not Iteisot’s radical b be ammonium, in which 1 eq. of 

( II 

hydrogen has been replaced by 1 eq. of platinum, Ad j 


Again, just as we have seen in acids, viewed as hydrogen com- 
pounds, analogous elements hdded to the radical without affecting 
the neutralising power of the acid, which remains the same as 
long as the replaceable hydrogen continues unchanged, we can 
suppose amido to be a basic radical, forming with hydrogen the 
base ammonia, but capable of taking up into tho radical analo- 
gous elements without atfeoting the basic character of tho 
ammonia, because we havo now the hydrogen compound of an 
analogous, but more complex, basio radical. On this view, 
{teiset’s radical b may be the hydrogen compound of a basic 
radical, more complex than amide ; in fact, amidide of platinum. 
Its formula would then be Ad Pt + H, and although on this 
view it should correspond to ammonia, rather than ammonium, 
we cannot speak positively, as this is tho least known of the 


three. 
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Tho other two radicals may be readily viewed as hydrogen 
compounds of complex amidides, as ammonium is the hydrogen 
compound of amidido of hydrogen. 

Amide, N II a = Ad, with hydrogen, forms ammonia Ad, II 
and ammonium Ad H 4* H. In like manner, in tho radioal a 
of Reiset’s salts, we have a complex amide, composed of amide 
and amidide of platinum, Ad 4- Pt Ad s= Pt Ada, which, with 
1 eq. hydrogen, may be supposed to form a compound analogous 
to ammonia, Pt Ada, H, and with two eq. of hydrogen, Actually 
does form the radioal a of Reiset, Pt Ad 2 H + H, exactly 
analogous to ammonium. So tho radical of Gros may be derived 
from the complex amide Pt Cl Ad + Ad =s Pt Cl Ada , which 
may form Pt 01 Ada 4- H and Pt Cl Ada H 4* H, tho latter 
beiug tho actual composition of the radical of Gros, corresponding 
to ammouium. 

It may also be mentioned, that just as wo may viow ammoniacal 
salts as containing ammonia and water rather than ammonium 
and oxygen, so the base b of Reiset may bo N li» 4- Pt 0, 
analogous to N Hs 4^0 in the salts of ammonia. If sulphate 
of ammonia be N il 3 , II 0. 4- 8 0 3 , the sulphate of Reiset’s 
base b will then be N II 3 , Pt 0 4 * S 0 3 , the protoxido of 
platinum here playing tho part of water, or in other words, 
platinum playing the part of hydrogen, a substitution far from 
unnatural or improbable. Again, if we consider tho ammoniaco- 

sulphate of copper to be q u q j 4- 8 Os, then the sulphate 

of Reiset’s base a will be q 3 j 4 - 8 Os , whero platinum re- 
places copper, also a not improbable substitution. Reiset is 
disposed to adopt this view. 

The chloride of Oros’s radical, Pt Cl Na IT 0 4 - Cl, may bo 
viewed as a compound of bichloride of platinum with ammonia, 
Pt Cla 4“ 2 N II 3 , and there is evon reason to think that com- 
pounds of that radical may be obtained from tho solution of 
bichloride of platinum in ammonia. 

In a recent paper, Gerhard t has announced the discovery of a 
fourth platinised base, and he regards all four as representatives 
of ammonia, in which part of the hydrogen is replaced by 
platinum, which agrees generally with the views abovo indicated. 
But he supposes that in two of these four bases, th$ platinum 
exists in a polymeric modification, in which tho usual equivalent 
of platinum replaces 2 eqs. of hydrogen, and in which, therefore, 
the equivalent of platinum is halved. He represents the 
ordinary form of platinum, as usual by Pt, and the new form by 
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pt, the latter always occurring in 2 eqs., as pt* = Pt. He then 
gives the following table : — 

N, H 8 H = Ammonia. 

N, H*Pt=Platosamme (Beiset’s base b,) 

Ns Hs Ft Diplatosamine (Reiset’s base a.) 

N H pta = Platinamine (new base of Oerbardt.) 

NsH«pta = Diplatinamine (existing in the base of Gros.) 

On this view diplatosamine and diplatinamine represent a 
double atom of ammonia N* He. The chloride of Gros’s base 
is, according to Gerhardt, the bi-hydrochlorate of diplatinamine. 
But as acid bydroohlorates are most unusual, this must be 
regarded as very doubtful. Tho new base platinamine forms 
brilliant yellow crystals, nearly insoluble. The salts are 
crystallisable, and many of them contain 2 eqs. of acid, for one 
of base. 

Buokton has lately studied tho action of cyanogen on dipla- 
tosamine, which is remarkable. A white crystalline compound is 
formed, identical with one described by Reiset as the cyanide of 
platosammonium, but which is really, in both cases, a platino- 
cyanide of diplatosammonium, polymeric with the other, its 
formation is as follows, from the oxide of diplatosammonium. 

2 (Pt N* Ha 0) + 4 H Cy = (Pt N 2 Ha , Ft Cya ) + 2 N II* Cy + 2 H 0. 

Buokton has also obtained the true cyanido of platosammonium 
by the action of cyanido of silver on chloride of platosammonium 
(hydrochlorate of platosamine), which yields chloiide of silver, 
and yellow crystals of the new cyanide. Pt N lh , Cl -f- Ag Cy 
= Pt N H» , Cy -f Ag Cl. And this compound is polymeric with 
the preceding, for (Pt Na ilo, Pt Cya) = 2 (Pt N Ha , Cy). It 
is evident that much remains to bo done, before the history of 
these most remarkable platinised bases can be regarded as 
complete. The names proposed by Gerhardt may be adopted. 

Prom the above remarks it will appear that eve^y probable view 
which can be taken of these very interesting bases connects them 
with amide, ammonia or ammonium, and it is for this reason that 
they have been treated of in this section. Many pages might be 
Riled with details concerning them : but we have here only indi- 
cated those points which will help to elucidate the constitution of 
the vegetable alkalies. 

That important class of compounds not only contains nitrogen, 
as an essential element, but exhibits tho samo analogy with 
ammonia which we have seen to exist in the compound platinum 
bases. Moreover, like these bases/ the alkaloids do not appear 
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to contain ammonia as such ; and the probability is very great 
that their constitution is analogous to that of tho bases now 
described. Wo shall find, in treating of the alkaloids, as wo 
have already indicated in tho introductory sections, that many 
of them are, in all probability', derived from ammonia by substi- 
tution of compound radicals, or groups, for a part on tho whole of 
tho hydrogen in ammonia. We may therefore regard ammonia 
as tho typo or representative of a very large class of organio 
bases, both artificial and natural. 

When a salt of ammonia loses 1 eq. of water moro than 
reduces it to the state of an amide, there is formed a compound 
containing N H, that is, Imide, and such compounds are called 
imides ; such as camphorimidc and naphtalimide, from tho cam- 
phorate and the naphthalate of ammonia. As an amide consists 
of ammonia minus 1 cq, of hydrogen and tho anhydrous acid 
minus 1 eq. of oxygen, so an imide consists of both, the ammonia 
minus 2 eqs. of hydrogen, the acid minus 2 eqs. of oxygen. 
Imides aro not frequent, but like amides when boiled with acids 
or bases, water is taken up, and tho ammonia and acid are 
reproduced. 

When an ammoniacal salt loses so much water that all tho 
three eqs. of hydrogen in the ammonia, with 3 eqs. of oxygen 
from the anhydrous acid are given off, the compound left is 
called a ?iitryle > as containing only nitrogen from the ammonia. 
Thus benzoato of ammonia, N H* 0, Cm IIs Os , when it loses 
2 eqs. of water, that is 2 of hydrogen from the ammonium, 
N lit, and two of oxygen, 1 from the oxide of ammonium, and 
the other from tho acid, yields Benzamide, Cm , N H? O a , or 
N H a , On Ho Oa . Were it to lose 1 more eq. of water, it 
would yield the true benzimide, N If, Cm H» 0 = Cm N Ifa 0, 
which is not yet known. But when it loses still l eq. more of 
water, it actually yields benzonitryle, Cm H* N,#in forming 
which all the hydrogen of the ammonium has been removed, as 
well as all tho oxygen of tho anhydrous acid, and of the oxide 
of ammonium.* Nitryles aro now pretty numerous, and as all 
these yet known are formed from acids containing only 3 eqs. of 
oxygen when anhydrous, they contain themselves no oxygen, 
but always as much hydrogen as the anhydrous acid did. Both 
imides and nitryles will have to he referred to hereafter, and 
minuto details are boro unnecessary. It must bo noted, however, 
that all or most of the known nitryles appear to bo oyanogen or 
cyanides. Thus oxalonitryle, that is, oxalate of ammonia, minus 
4 eqs. of water, is cyanogen itself, for N JI* 0, Ca Oa — 4 H0=; 
C« N. Formonitryle is hy4rocyanic acid ; N II* 0, C 9 H O3 
4 H Q = If, C* N ; acctonitryle is cyanide of xncthylo ; N H* 0, 
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CiHsOa— 4 H 0 = C a N ; and benzonitryle is cyanide of 

phenyle; H H* 0, C« H 6 0 5 —4 H 0 * Cu H fl , C* N. 

II. Carbonic Oxide (as a Radioal). CiOa = 28. 

Syn. : Oxalyle. — There is good reason to believe that the 
radical of oxalic acid is formed of 2 eqs. of oarbonic oxide. It 
has long been known that carbonic oxide, in the sun’s light, 
combines with chlorine to form phosgene gas or chlorocarbonic 
acid, C 0, Cl or C® 0 2 , Cl 2 . This compound may be viewed as the 
chloride of the radical C 2 O a , or as carbonic acid in which 1 eq. 

of oxygen is replaced by chlorine, C j ^ corresponding to C j ^ 

or C O a : But the existence of this radical is more securely 
inferred from the combinations it forms with oxygen, potassium, 
and amide. 


CABBOEIC OXIDE AND OXYGEN. 

I. Oxalic Acid. (Ca Oa ) 0 + H 0, or Ca 0* , H =s 4 5. 

This acid occurs in nature, generally in the form of an acid 
oxalate of potash in certain vegetable juices, such as that of 
oxalis acetosella, also as oxalate of lime in many lichens. It is 
formed artificially by the action of nitric acid on sugar, starch, 
and many other organic compounds ; also by the action of liyper- 
manganate of potash on sugar, &c. 

To prepare it, one part of pure starch is gently heated with 
eight parts of nitric acid, Sp, G. 1*20 or 1*25. A very energetic 
reaction ensues, aud. much nitrous acid is disengaged : when this 
slackens, heat is applied, and continued till no more red vapours 
appear, wh$n the liquid, if sufficiently evaporated, deposits, on 
cooling, a large quantity of crystals of hydrated oxalic acid. 
These are dried on a porous tile, to remove the mother liquor 
which contains much free nitric acid, saccliario acid, and other 
products. The dried orystals being dissolved in a little hot 
water, the solution on cooling, deposits pure oxalic acid in four- 
sided prisms, which are colourless, very acid, very soluble in hot 
water, moderately so in cold water. These crystals contain 3 eq. 
of water of crystallisation, C® 0 3 , II 0 -f- 3 aq. When sharply 
heated, a part sublimes as dry acid, C® 0 3 , II 0. Oxalic acid is 
destroyed by heat without blackening, which serves to distinguish 
it from most other organic acids. 

It is very poisonous, and is the cause of many fatal accidents 
from its similarity to Epsom salts, from which, however, it is 
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easily distinguished by its very sour taste. The best antidote is 
prepared chalk administered in water, which forms the insoluble 
and inert oxalate of lime. It is easily deteoted by forming with 
lime-water, or a soluble salt of lime, if no free acid be present, 
the very insoluble oxalate of lime, which when dried and heated 
to low redness, is converted, without blackening, into carbonate 
of lime. 

When oxalic acid, or any of its salts, is heated with oil of vitriol 
in excess, a brisk effervescence takes place, and the gas gwen off 
is a mixture of equal volumos of carbonic acid and carbonic oxide. 
This character furnishes another good means of recognising oxalic 
acid. The reaction is very simple, for C a 0 3 , II O-J-H 0, B () 3 = 
(S0 3 -f 2 II 0)-f C 0+ C O a . The sulphuric acid seizes the whole 
of the water, and the anhydrous oxalic acid, C a 0 3 , cannot exibt 
in the separate state. 

When the oxalates of certain protoxides, as those of cobalt and 
nickel, are heated in close vessels, the metal is left: carbonio 
acid being given off; Co 0, Ca Oa = C 0 + 2 C O a . Other oxalates, 
as that of manganese, give off carbonic acid and oarbonic oxide, 
leaving the protoxide of the metal Mn 0, Ca 0* = Mn0+C0 
4-COa. 

Oxalic acid forms salts with bases, many of which are insoluble. 
The insolubility of the oxalate of lime renders oxalic acid useful 
as a test for lime, and as a means of separating it, and deter- 
mining its quantity, in analysis. As a test, it is commonly used 
in the form of oxalate of ammonia. It can only detect lime in 
neutral or alkalino fluids, the oxalate of lime being soluble in 
free acids. 

Recent researches tend to show that oxalic acid is bibasic, and 
that its true formula is double that above given, or ChOo, 2 H 0. 
This accounts for the existence of acid oxalates and of double 
oxalates. 

Yiewcd in this light, oxalic acid is the type of a very remark- 
able scries of bibasic organic acids, to be afterwards described. 
This series has §. curious relation to the formic or acetic scries of 
volatile acids, from which it differs in this, that all the members 
of it aro crystalline, soluble in water, and decomposed by beat. 
If to formic acid, Ca Ha 0* , we add 2 eqs. of carbonio acid, we 
have Ca Ha O* 4* 2 C Oa = Ci Ha Os = C* Oo , 2 II 0, which is oxalio 
acid. And the samo relation holds good w r ith every acid of the 
oxalic series and the corresponding acid of the formic series, the 
latter having always 2 eqs. of carbon aud 4 oqs. of oxygen less 
than the former. 

Both these series aro formed during the action of nitric acid 
on oik and oily acids. 
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The formati op. of oxalic acid by the action of oxidising agents 
on organic matters, is a partial oxidation of their carbon ; when 
that oxidation is complete, carbonio acid is the result. The 
action of nitric acid on starch or sugar is complicated, and not 
so well understood as to admit of being expressed in the form 
of ad equation ; but the oxidation of sugar by permanganate of 
potash is very simple, and is thus represented : Cis Hio Oio + 6 
(KO, Mns 0 7 ) = 6 (KO, Ca Oa) + 10 HO + 12 Mn Oa; that is, 

1 eq. of anhydrous sugar, with 6 eqs. of the permanganate, pro- 
duces 6 eq«. of oxalate of potash, 10 eqs. of water, and 12 eqs. of 
peroxide of manganese. 

The most important oxalates are those of potash, lime, and am- 
monia. There are threo oxalates of potash ; the neutral oxalate, 
K 0, Cs O3 -f aq. ; the binoxalate, K 0, Ca O3 -f- II 0, C2 (h -f 2 aq.; 
and the quadroxalatc, K 0, Ca Os -f~ 3 (II 0, Ca Oi ) + 4 aq. The 
double oxalate of potash and oxide of chromium, described by mo 
some years since, forms crystals which are black by reflected, 
deep blue by transmitted, light. The solution is grdten and red 
at the same time by day-light, crimson-red by candle-light. Sir 
D. Brewster has described, in the Edin. Phil . Trans., the very 
remarkable optical properties of this salt. The oxalate of lime 
is Ca 0, C2 O3 -f 2 aq. The oxalate of silver Ag 0, C2 Oj , deto- 
nates when heated, yielding like several other oxalates of the 
noble metals, carbonic acid, and the metal. The oxalate of 
ammonia, N II* 0, Ca O3 -f aq. is much used as a test. It 
crystallises very readily. When heated, it gives rise to a very 
remarkable compound, namely, oxamide , which is the typo of a 
©lass. We shall here consider it. 

Oxamide. Ca Ha N Oa = Ca Oa + N Ha = 44. 

When oxalate of ammonia is heated in a retort, it gives rise to 
a variety of products, and, among these, to a white crystalline 
powder, insoluble in cold water, which is oxamide. It may be 
formed far more abundantly by the action of amiAonia in solution 
on oxalate of oxide of ethyle, or oxalio ether. (See oxalate of 
oxide of ethyle.) 

The remarkablo character of oxamide is, that while itself 
neutral, and certainly containing neither oxalic acid nor ammonia, 
it is easily converted into oxalic acid and ammonia by boiling it 
either with strong acids or strong alkalies. In this reaction, the 
elements of 1 eq. of water are shared between the constituents 
of oxamide, that is, between the radical Ca Oa and the radical 
amide, H Ha ; for oxamide is nothing more than oxalate of 
Ammonia, N H* 0, CaOs, minus 2 eqs. of water, or N Ha, CaOa. 
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A very small portion of an acid, for example, is sufficient to pro- 
duce this effect on a large quantity of oxamide ; for if the aoid 
we add be neutralised by the ammonia produced, a corresponding 
quantity of oxalic acid is set free, and acts as any other acid 
would do* A minute proportion of an acid, therefore, here 
appears to exert its influence on an unlimited portion of oxamide, 
but this is only in appearance. The fact, however, that the 
presence of a little oxalic aoid enables oxamide to decompose 
water and to produce ammonia and oxalic acid, is very important, 
and tends to throw light on many similar changes in the organic 
kingdom, where the agency is not so apparent. 

But oxamide is not the only product of tho action of heat on 
oxalate of ammonia; for besides carbonic acid, carbonic oxide, 
hydrocyanic acid, water, ammonia, and oxamide, all of whioh are 
or may be formed, there is produced, when the heat is so regulated 
that a honey yellow residue remains in the retort, a now acid, 
called oxamie acid, which constitutes that rcsiduo. It is mixed 
with a little oxamide, which is, however, left undissolved by 
water, in which the oxamio acid dissolves. 

Oxamie acid forms soluble and cry stall isable salts with limo, 
baryta, ammonia, and oxide of silver. Acids precipitate it from 
the saturated solution of its compound with ammonia, as a 
white sparingly soluble powder, tho composition of which is 
C* Ha NOs + aq. Although an acid, this compound exhibits 
all the relations of a compound of amide or araidogen, being 
converted by the action of alkalies at a high temperature into 
oxalio acid and ammonia. It differs, however, from oxamide 
in yielding 2 eq. oxalio acid and 1 eq. ammonia ; for 1 eq. 
of oxamio acid, plus 3 eq. of water, contains the elements of 
binoxalate of ammonia. C* Os , N H» -f 3 H O =s (H O, Ca Os) 
-J- (N H* 0, CaOo). This also explains its production; 

for 2 eq. Oxalate of Ammonia 2 (N H* 0, Ca Oa ) = C* IIsSt* Os 
when acted on by heat, . 

Yiel j 1 eq. ammonia = Hi N 

8 eq. water = Ha Os 

1 eq. anhydrous oxamie acid = C* Ha N Os 


Together . * . CtHsNsOa 

Oxamie acid is certainly a very remarkable compound, being 
an aoid amidide, or at least admitting of being so regarded, 
C* Os , N Ha . There are many other examples of aoid amidides, 
and we shall soon come to one, namely euchronic acid , whioh 
is highly analogous to oxamio acid : being formed by the action 
of heat on mellitate of ammonia, along with a neutral amidide, 
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paramide f 'similar to oxamide ; and as oxamio acid yields acid 
oxalate, so euchronic acid yields acid mellitate of ammonia when 
long boiled with water. Cyanic acid may also be considered as, 
in some sense, an acid amidide ; for Ca N 0, H 0 = Ca 0# , N H ; 
and CaOa, N H + 2 HO = N Ha, 2 C Oa; or, as is well known, 
cyanio acid, in contact with water, produces bicarbonate of 
ammonia. 

Oxamic acid may further be viewed as a coupled oxalic acid, 
the adjunct in which is oxamide; for C* Os N Ila is equal to 
Ca Oa 4- Ca Oa , BT Ha . Berzelius adopts this view, and is, generally 
speaking, favourable to the idea of coupled acids. 

An alcoholio solution of oxalic ether, when ammonia is 
cautiously added till a preoipitate of oxamide just begins to 
appear, yields a very beautifully crystallisablo compound, long 
known as oxamethan, which is nothing else than oxaniate of 
oxide of ethylo (see salts of oxide of othyle). Its composition 
is Cs H7 N Oo = (Cfc IIb) 0 -f- C* Ha N Os. A similar com- 
pound exists with oxide of methyle, and was formerly called 
oxamethylan. 


II. Carbonic Acid. 00*= 22. 

This acid has been already described, and it is introduced here 
merely because it is formed by the complete oxidation of carbonic 
oxide ; Ca Oa Oa = 2 C O 2 . 


CARBONIC OXIDE AND CHLORINE. 


Cblorocarbonic Acid. 


C j^orCO Cl=49-5. 


Syn. : Shosgcne gas . When equal volumes of chlorine and 
carbonic oxide arc mixed and exposed to the sun’s rays, they 
combine to form a colourless gas, of a pungent disagreeable 
smell which acts strongly on the eyes. Sp. G. flf the gas, 3*399. 
When dissolved in water, it decomposes it, producing carbonic 
and hydrochloric acids. With alcohol and methylio alcohol it 
produces very remarkable compound ethers, to be afterwards 
described. 

With ammonia, this acid forms sal ammoniac, and a white 
volatile crystalline substanoe, which is carbamide, C 0, N Ha , 
produced as follows:— C 0, Cl + 21 Ha=MT H*, Cl *f C 0, 
3ST H*. 

Under the influence of the mineral acids, carbamide yields 
ammonia and carbetfkacid, C 0, N Ha + H 0=C Oa + N Ha. 
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The ohlorocarbonio acid may be considered as carbonic acid 
C -|- jg in which half the oxygen has been replaoed by its 

equivalent of chlorine, •+I&. 


CABBONIC OXIDE WITH POTASSIUM. 

Oxy carburet of Potassium : Rhodizonie Acid. 

When potassium is boated in carbonic oxide gas, combination 
takes place, and a dark olive powder is formed, composed of 
carbonic oxide and potassium, in the proportions of C 7 67 -+* Ka , 
or 7 C 0 -f- 3 K. This substance is formed in large quantity in 
the preparation of potassium from carbonate of potash and charcoal, 
and is the source of great loss as well as inconvenience. No such 
compound is formed with sodium, for which reason that metal may 
bo more cheaply prepared than potassium. 

Tho oxy carburet of potassium, if heated in the air, takes fire, 
hut if exposed to moist air, or placed in water, it is converted into 
the potash salt of a new acid, rhodizonie acid, hydrogen being 
disengaged, C7 O 7 Ka -f* 3 H 0 = C? O 7 , 3 K 0 -f II 3 . As this 
hydrogen, however, is not pure, but contains carbon, the reaction 
is probably more complicated. 

All the salts of rhodizonie acid are deep red, and when in 
crystals, reflect a green light. The rhodizonate of potash, when 
heated in solution in water, undergoes a very remarkable change, 
yielding free potash, oxalate of potash and croconate of potash, 
the latter being the salt of another now acid containing the same 
elements as rhodizonie acid in different proportions ; this salt is 
Ca 04, K 0 or C 5 0 5 , K. The composition of rhodizonate of 
potash explains this reaction perfectly, for C 7 O 7 •+• 3 K 0 = K 0 
•f KO, Ca Oa -h K 0, Ca 0* . 

Croeonic Acid. Cs 0*, HO? or Ca Oa, H. 

% 

This acid is named from the yellow colour of its salts. It is 
obtained from the croconate of potash, prepared as above, by the 
action of fluosilicic aoid, which separates the potash. The acid is 
yellow, soluble in water and alcohol, and crystallises easily. All 
its salts are likewise yellow. 

The rhodizonie acid, C 7 O 7 , 3 H 0, may be viewed as a tribasio 
hydrogen acid, C 7 O 10 Ha : the crooonic acid may also be viewed 
both as a hydrated oxygen acid, Cs 0 *, H 0, and as a hydrogen 
acid, Ca Oa , H. In this last form it connects itself with carbonic 
oxide, as it may be 5C0 + H. Tho same remark applies to 

p 2 
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another remarkable acid, containing the. same elements, namely, 
the mellitio acid. 

Mellitic Acid. C* Oa , II 0 or C* O4 , H, 

This acid occurs, combined with alumina, in a very rare 
mineral, probably of organic origin, the mellito or honeystonc. 
The acid is soluble, very sour, and permanent, not being altered 
by boiljng nitric or sulphuric acids, nor by a heat of nearly 580°. 
The general formula of its salts, when dried at 212% is M 0, 
C* 0* H, or H 0, 0*0* M. The salt of silver, however, at 212°, 
loses 1 eq. of water, and is left as C* Oa, Ag 0, or 0* 0*, Ag. 
According to the latter formula, the radical in this salt, heated to 
212®, is a form of carbonic oxide, C* 0*,= 4 C 0. 

The crystallised acid 0* O3 , H 0, or C* 0* , H, appears to unite 
with most bases without the separation of water, generally 
observed when salts are formed. And although the silver salt 
would seem to contain a different radical, yet it yields, when 
decomposed, the original mellitio acid. 

The mellitate of silver may also bo looked on as oxalate of silver, 
Ag 0, Ca Oa , plus 2 eq. of carbon in the acid Ag 0, C4O3 . 

The mellitate of ammonia, N II* 0, C* II 3 , when heated in a 
retort, yields several new and remarkable products. When this 
salt, N Ha , H 0, C* Oa = 0* Hi N 0* is heated to 320°, it gives 
off ammonia and water, and thero remains a mixture of two new 
compounds ; a soluble one which contains euthronic acid , in 
combination with ammonia, and an insoluble one which is oallod 
par amide. 

Paramide is a yellow solid, like clay. Its most remarkable 
character is, that, when long boiled with water, it is converted 
into bimellitate of ammonia. This is the character of an amide, 
hence its name. The composition of paramide is Cs H N 0* , 
whioh readily explains both its formation, and its conversion into 
bimellitate of ammonia. 

If from bimellitate of ammonia, N H* 0, C* 0 3 + H 0, d0 3 = C« Ha N0« 
we subtract 4 eq. of water H* 0* 


there will remain Paramide sss 0# H NO* 

and of oourse, when converted into bimellitate of ammonia by 
long boiling, it merely takes up again these 4 eq. of water. 

The soluble oompound, euchronate of ammonia, when its solu- 
tion is acted on by hydroohlorio acid, deposits a white crystalline 
powder, whioh is euchronio aoid, Cit N Oe , 2 H 0. Its formation 
is easily explained; for 
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if from 3 eq. of mcllitate of 1 ammonia = 3 (C 4 H 4 NO 4 ) ss C 12 Hu Ns Oi* 
we subtract 6 eq. water and 2 eq* ammonia = II 12 Nu Oo 

there will remain anhydrous euchronic acid s= Cx» N Oo 

We can now see that the action of heat on 7 eq. of mellitate of 
ammonia gives rise to the following substances : — 


2 eq. Paramide 
1 eq. Euchronic Acid 
4 eq. Ammonia 
li eq. Water 


C l0 II 2 N a O, 

C 12 N 0 6 

N4 

Htt 0X4 


7 cq. mellitate of ammonia 


C 28 Has N 7 0*28 


When euchronic acid is boiled with water, it is dissolved and 
converted into an acid mcllitate of ammonia. 


1 eq. Euchronic Acid — 

Cl* NOo 

and t> cq. Water zr 

II rt 0* 

Together 

Cm LIo N Ora arc equal to 

3 eq. Mellitic Acid 

Cra IL Ois 

and 1 oq. Ammonia = 

IL N 

Together . 

Ci a Ha N Oxa 


Euchronio acid is deoxidised by a plato of zinc, yielding a 
powder of a fine deep blue colour, which dissolves in ammonia or 
potash, with a splendid tint of purple. The blue powder is an 
inferior oxide of the same nitrogenised radical, which, combined 
with more oxygen, forms euchronio acid. Tho whole subject of 
mellitic acid and euchronic acid is most interesting^but mellitic 
acid is so rare that it is very difficult to find material for the 
investigation. As mellitic acid, like succinic acid, is of organio 
origin, and contains only 1 eq. of hydrogen less, and 1 eq. of 
oxygen more than succinic acid, wo may hope to be enabled to 
obtain it artificially. 

III. Cyanogen. C* N = Cy = 20. 

This very important compound has already been mentioned as 
a oompound of carbon and nitrogen : but we have now lo consider 
it in its far more important character of a compound radical. 
In fact, it was the first compound radical discovered, and the 
discovery of cyanogen by Gay-Lussac has proved more fertile in 
results than any other discovery yet made in Organic Chemistry. 
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As cy an ogen acts exactly like an elemont, we shall represent 
it by the symbol Cy, rather than by Cs N ; using the latter only 
where the elements of cyanogen, and not itself, enter into changes 
and reactions. 

Cyanogen is formed when animal matter is ignited along with 
oarbonate of potash in close or covered iron vessels. The 
cyanogen being a gas, and combustible, would be dissipated, and 
in open vessels burned, were it not that it enters into com- 
bination with potassium derived from the carbonate, forming 
cyanide of potassium, K Cy, a salt not altered by a red boat in 
olose vessels. As this salt, however, is decomposed by tho 
action of water, yielding carbonate of potash and of ammonia, 
hydrogen being set free, (K, Ca N 4* 5 II 0=rK 0, C 0« + N H3 , 
HO, C Oa+ H), it is necessary to convert the cyanide of 
potassium into a more stable compound. This is effected by the 
addition of iron, or of sulphuret of iron, tho latter of which is 
forpied by the mutual action of the sulphate of potash (always 
present in potashes), carbon, and the iron of the vessel. The 
iron, or its sulphuret, is readily dissolved by the aqueous solution 
of oyanide of potassium, yielding cyanide of iron, Fe Cy, and 
sulphuret of potassium K S, for K Cy + Fe S = Fe Cy + K S. 
The elements of the cyanido of iron then form, with oyanide of 
potassium, the very permanent double cyanide, well known as 
prussiate of potash, properly ferrocyanide of potassium, which 
forms large and pure transparent yellow crystals. From this 
compound, all the other compounds of cyanogen, and cyanogen 
itself, are prepared. Its empirical formula is Fe Cy, 2 K Cy -f 3 
H 0, or Fe K2 Cys + 3 H 0, At 212° it loses all the water, and 
then contains only iron, potassium, and cyanogen Fe -f Ka -f- Cys . 
It may bo conveniently viewed as a compound of oyanide of iron 
with cyanide of potassium ; but we shall see hereafter that its 
rational formula is probably very different, and that it is a com- 
pound of potassium with a new radical, ferrooyanogen. 

Cyanogen gas is best prepared by heating dried bicyanide of 
menmry, when tho gaB is given off, a part, however, assuming 
the solid form, and remaining behind as a black matter, para- 
cyanogen, isomerio with cyanogen ; or by heating a mixture of 
6 parts dried ferrocyanide of potassium and 9 parts bichloride 
of mercury, when chloride of potassium is formed by the action 
of the bichloride on the cyanide of potassium of the ferrocyanide, 
and the oyanide of mercury, if formed, i8 at onoe decomposed by 
the heat. Fe Cy, 2 K Cy -f Hg CU =s Fe Cy, 2 K Cl-fHg+Cya . 
The cyanide of iron is not altered. The gas may be oolleoted 
over mercury, but is absorbed by water, with whioh it produces 
the various changes which have been already explained. 
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It has a very pungent and peculiar smell, is colourless and 
transparent; and may be liquefied by a pressure of about 4 
atmospheres. It is oombustible, and bums with a beautiful pink 
or purplish flame, edged with yellow. 

Cyanogen forms with hydrogen an acid, the hydrocyanic, II 
Cy ; with oxygen and the elements of water, four acids, Cy 0, 
II 0 ; Cy« O 2 , 2 H 0 : and Cy3 Os, 3 HO; of which the first is 
cyanic, tho second fulminio, and the third is cyanuric acid. The 
fourth acid has very recently been discovered by Liebig, \^hich is 
isomeric with cyanurio acid. It is called fulminurio acid, 
because it is derived from fulminic acid. 

Cyanogen combines with chlorine ; with sulphur it forms a 
new radical Cy Sa , sulphocyanogen ; and with metals it forms 
salts, perfectly analogous with chlorides, such as K Cy, Fo Cy, 
Ag Cy, IJg Cy 2 , &c. In short it plays exactly the part of a 
simple radical, and wero it not easily decomposable, we should at 
once class it with chlorine as an element. 


CYANOGEN ANT) HYDROGEN. 

Hydrocyanic or Prussic Acid. II Cy = 27. 

This acid may be obtained by a great variety of processes ; but 
the easiest, most economical, and most certain, is to act on the 
ferrocyanide of potassium vith diluted sulphuric aoid. The 
process requires to be slightly modified, according as our object 
is to prepare the dry or anhydrous acid, or the diluted aqueous 
solution of it used in medicine. 

1. Anhydrous Acid . — To preparo this acid, 15 parts of powdered 
ferrocyanide are to bo distilled at a gentle heat, with a mixture 
of 9 parts of oil of vitriol, and 9 of water, and the product is to 
be received in a convenient receiver placed in a freezing mixture, 
and containing 5 parts of ohloride of calcium in (Small lumps. 
As soon as liquid enough has distilled to cover tho chloride, the 
distillation is ^topped, and the liydrocyauio acid, deprived of 
water by the chloride of calcium, is to be decanted into a dry 
and well-stopped bottle. It may also be obtained by distilling, 
under similar circumstances, cyanide of potassium with dilute 
sulphuric aoid. In both cases the acid is formed by tho reaction 
of sulphuric acid on cyanide of potassium, or its elements, 
K Cy + H, S 0*= K, SO* -f H Cy. Dry hydrocyanic aoid is a 
limpid and odourless liquid, of Bp. G. 0*6967 at 66° ; at 59° it 
becomes a fibrous mass, in consequence of the presence of a trace 
of water ; and at 80° it boils ; the density of its vapour is 0*9476. 
It is inflammable, and has a very peculiar and disagreeable smell 
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and taste. It is the most energetic poison known, one drop 
introduced into the mouth being sufficient to destroy an animal 
of considerable size. When pure, it is often soon spontaneously 
decomposed, depositing a dark brown solid ; a trace of sulphurio 
aoid is said to cause it to keep perfectly; but we have seen 
various specimens of it, all prepared alike, some of which have 
kept well for years, while others have deposited much brown 
solid matter, and burst the tubes by the gas disengaged. When 
in contact with the strong mineral acids and water, it is decom- 
posed, being converted into ammonia and formic acid; II, CaN-f 
4 HO=NIL, , HO-fC* HO. - . 

2. Medicinal or dilated Hydrocyanic Acid . — This may he pre- 
pared by simply diluting the anhydrous aoid with the required 
proportion of w ater, adding, for example, 97 grains of water to 
3 of the acid, to obtain an acid of 3 per cent. ; which is about the 
average strength used in medieino. In round numbers, to one 
part, by ^eight i of dry acid, 32J parts of water, by weight, are to 
be added: or, to 1 volume of anhydrous acid, 22| volumes of 
water. But as it is troublesome to prepare the anhydrous acid, 
it is best to distil 2 parts of ferrocyanido, with 1 of sulphuric 
acid and 2 of water, to dryness in a chloride of calcium bath, 



condensing in a Liebig’s apparatus (see woodcut), in the receiver 
of which 2 more parts of water are placed. By this means we 
obtain 4£ parts of an acid, not anhydrous, but far too strong for 
use, containing from 15 to 20 per cent of dry aoid. Its precise 
Strength is ascertained, and it is reduced to the standard strength 
in the following simple manner : — 6 9 

Anv convenient quantity, say 50 or 100 grains, is weighed 
out, Doing added to a counterpoised vessel containing about 2 
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drachma of nitrate of silver, dissolved in 2 or 3 ounces of water. 
Let us suppose that we have dropped into this vessel 70 grains 
of our acid. This will be entirely converted into cyanide of 
silver, but we make sure by testing with a drop of nitrate of 
silver. The precipitate is then collected on a filter, well 
washed, dried at 212° on a weighed filter, and the increase in 
woight of the filter gives tho weight of the cyanide of silver 
formed. Now this cyanide is formed as follows: H Cy+(Ag 0, 
N Oa)=Ag Cy+(110, NOa). Therefore, 1 eq. of hydrocyanic 
acid, H Cy=27 produces 1 eq. cyanide of silver Ag Cy= 
134 ; or 1 grain of anhydrous hydrocyanic acid will yield 
almost exactly 5 grains of cyanide of silver ; for 23 : 134 : : 
l : 4*9. Wo may, therefore, safely assume that the weight of the 
cyanide of silver, divided by 5, gives the weight of anhydrous 
acid present with sufficient accuracy for all practical purposes. 
Now, we havo used 70 grains of our dilute acid, the strength of 
which we wish to know. Let us suppose that our filter weighs, 
when empty, 20 grains, and with the cyanide of silver, dried at 
212° till it ceases to lose weight, 100 grains. The difference, or 
80 grains, is the weight of cyanide of silver obtained from 70 
grains of our acid. Dividing this by 5, we have 16 grains as 
the weight of anhydrous acid contained in the 70 grains, and 
consequently combined with 04 of water. 

Now, if wo wish to state the per-centagc of this acid, we obtain 

16+100 

it by the calculation, 70:10:: 100 : x, and x = =22*80, 

70 

so that our acid contains 22*85 per cent, of anhydrous acid. But 
if our only object be to reduoo the acid to a standard strength, 
say that of 3 per cent., this last calculation is itantcessary, and 
wo can proceed as follows : acid of 3 per cent, contains 3 grains 
of dry acid and 97 of water ; therefore, to find how «aucli water 
is to be added to 16 grains of anhydrous acid, 3 : 97 : : 10 : x, 
97+16 

and x = A. ss 517*3 grains of water, which must be added 

3 

to 16 grains of anhydrous acid, to bring it to tho same strength. 
But our 70 grains of acid contain already, with the 16 of 
anhydrous acid, 54 grains of water, consequently wo have only 
to add to these 70 grains 617*3— 54=463*3 grains of water, and 
the same quantity of water for every 70 grains of the same acid* 
Of course, it is easy to calculate the water necessary for 1 or 
more ouncos of the acid, when wo have once found it for any 
given quantity. I have here supposed 70 grains, but with 50 
or 100 the calculation is easier, and with a drachm by weight 
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(60 grains), we have simple data for calculating how much water 
is required for any number of ounoes or drachms, troy, of acid. 

This beautiful and simple method of preparing the medicinal 
hydrocyanic acid, and ascertaining its precise strength, has been 
minutely described, because of its practical importance. It is 
so simple an operation, that any one may very soon learn to 
ascertain the strength of hydrocyanic acid, and it is very exact. 
Besidos, no other method of obtaining a medicinal acid of 
uniform strength ought to be trusted to; and we ought never 
to attempt to obtain the acid of the standard strength by distil- 
lation, although many methods are given for this. I have never 
seen any one of these yield twice the same result ; whereas by 
the above method we can prepare acid of exactly the same 
strength any number of times, and the acid prepared from tho 
ferrocyanido, by sulphuric acid, keeps perfectly well. Of course, 
when we have added the calculated quantity of water to reduce 
the acid, it is proper to ascertain its strength once more, to 
make sure lhat we have made no error in our calculation. If it 
he acid of 3 per cent., it will yield 15 grains of cyanide of silver 
from 100 of acid. 

There are two other methods wliioh deserve to he mentioned, 
as, with pure materials and careful manipulation, they yield, in 
a few minutes, a standard acid. The first is that of Dr. Clarke, 
who adds to 1 cq. cyanide of potassium dissolved in water, 2 eq. 
Tartaric acid, which separates the potassium as cream of tartar, 
while diluted hydrocyanic acid remains dissolved. For every 
100 grains of water, 7$ grains of cyanide of potassium and 1GJ 
of crystallised tartaric acid, aro required. This is an excellent 
extemporaneous process, if we have pure cyanide of potassium, 
hut that salt does not keep well, and even in its preparation it 
is apt to he decomposed, at least partially. It is, besides, an 
expensive salt. The other is the process of Everett, who suspends 
cyanide of silver in water, and adds an equivalent of hydro- 
chloric acid. Ag Cy + H Cl = Ag Cl -j- H Cy. This is also a 
good extemporaneous process, 15 grains of Ag Cy being used 
for ©very 100 of water, and 4 grains of dry H Cl, that is, about 
12 grains of acid Sp. G. 1*21, being added. This process is also 
expensive, although the pilver is not lost ; but the chief objection 
is, that it is difficult to add tho precise amount of hydrochlorio 
acid which is necessary, and that an excess causes, pro tanto , 
a conversion of the hydrooyanio acid into formic acid and 
ammonia. 

The medicinal acid has the smell and taste of the anhydrous, 
and is very poisonous, the average dose safe for an adult being 
1 to 2 drops in a glass of water. It is muoh used as a sedative 
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and anodyne, but, unless its strength and dose be perfectly 
known, it is a dangerous remedy. Fatal accidents have occurred 
from proscriptions, found, after experience, to act favourably, 
being made up in another plaoe, or by the same druggist with 
a fresh stock ; this fresh stock being exactly of the standard 
strength, while the previous acid had lost so much by keeping 
that the dose had been of necessity increased. There, danger 
actually arose from a too weak acid having been used. Hence the 
necessity for the great exactness, for which rules arep given 
above. In cases of poisoning by this acid, now unfortunately 
of very frequent occurrence, there is seldom time to administer 
an antidote ; but when life is not extinct, wo may confidently 
rely on the antidotes we possess. The best is the administration 
of two solutions, one of mixed sulphate of protoxide and peroxide 
of iron, and tho other of carbonate of potash, as recommended by 
Messrs. Smith, Edinburgh,* by which the acid still in the stomach 
is rendered insoluble, being converted into Prussian blue, Tho 
symptoms already produced are best combated by ammonia in- 
spired from a sponge, or taken, diluted, internally, and by other 
diffusable stimulants ; also by the cold affusion. 

Hydrocyanic acid is very easily recognised by its smell, and by 
its forming Prussian blue if acted on, in solution, successively, 
by prolo-persulphato of iron, by potash, and by an excess of 
hydrochloric acid. The first two tests form the Prussian blue ; 
the last, dissolving the excess of oxide of iron, brings the blue 
into view. Any liquid, suspected to contain hydrocyanic acid* 
ought first to bo distilled with tho addition of a little dilute 
sulphuric acid, and the tests applied to the first ounce that comes 
over. Nitrate of silver produces a white cloud of cyanide of 
silver, exactly like the oliloride in appearance. 

Hydrocyanic acid, with metallio oxides, give rise to water and 
metallio cyanides. H Cy M 0 = H 0 + M Cy : o*3 H Cy -f 
MOa=:3HO + MCya. 

CYANOGEN AND OXYGEN. 

1. Cyanic Acid. Cy 0, H 0 = Cy 0 a , H = 43. 

A monobasic acid ; is formed when dry cyanide of potassium 
is heated in the air, when oxygon is absorbed, and oyanate of 
potash is produced. K Cy -f 0# = K 0, Cy 0 or K, Cy 0» . 

When a stronger acid is added to this salt, the cyanic acid is 
set free, but immediately decomposes with water, producing 
ammonia* which unites with the strong aoid used, and carbonic 


See Lancet for 1344, vol. li. p. 41. 
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aoid which escapes as gas* CaNO, HO + 2 HO = NH 3 + 2 
C Oa . The carbonic aoid carries with it a little cyanic aoid, 
which forms dense white vapours, and has a pungent aoid smell 
like that of strong acetic aoid. Under all oircumstanoes, free 
cyanic aoid, in contact with water, is instantly destroyed. 

It may, however, be obtained in the anhydrous state, according 
to the formula Cy Oa 4 H, or as inonohydrated aoid, if viewed 
as Cy 0, H 0, by distilling oyanurio acid, Oya Oo 4 Hs , or 
Cya 0 » 4 - 3 II 0. This acid is polymeric with cyanic acid, and 
when heated, 1 eq. oyanurio acid splits up into 3 eq. cyanic acid, 
which appears in the receiver as a volatile, pungent, vory cor- 
rosive acid liquid. This acid only keeps for a very short time, 
even in the froezing mixture in which it is condensed. If 
removed from the cold, it soon becomes turbid, then hot, boils 
violently, and with violent shocks, and is converted into a 
solid dense white body, like porcelain, quite insoluble and 
indifferent* 

This is Cy am elide y another polymerio compound, containing 
the same elements in the same proportions, hut differently 
arranged, possibly C» Oa 4 N H, that is, bicarbimide, for it 
yields, under the influence of water and strong acids, carbonic 
acid and ammonia, (Ca Oa , NH + 2HO=s=2C Oa 4 N Hs ) 
just as cyanic acid does. When distilled, it is reconverted into 
cyanio acid, another proof that it is polymeric with that acid. 

CYANATES. 

The salts of cyanio acid are all distinguished by the action on 
them of strong acids, which cause disengagement of carbonic 
acid, while ammonia may now be detected in the liquid. The 
oyanates of potash, ammonia, &c., are soluble; those of lead, 
silver, &c. ^insoluble. 

Cyanate of Potash is best formed by the oxidation of Liebig’s 
cyanide of potassium,* which may easily be effected by adding 
litharge in proper quantity to the melted salt, K Cy 4 2 Pb 0 
= K, Cy Oa 4 Pba . The cooled mass is powdered and boiled 
with alcohol of 80 per cent., which on cooling deposits pure 
crystals of cyanate of potash, very similar to chlorate of potash. 
Or dried ferrooyanide of potassium, mixed with half its weight of 
peroxide of manganese, may be gently heated, spread out on 
an iron plate, when it burns like tinder, partly at the expense of 
the oxide of manganese, partly in the oxygen of the air. It is 
well stirred till every part has glowed, and the cold mass is 
treated with alcohol as above* 

* The formation of this salt 'W ill be described below. 
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Cyanate of potash must bo kept in sealed tubes, for in phials 
occasionally opened it is soon changed into bicarbonate of 
potash, auHnonia being given off. K, Ca X Oa -f 3 H 0 = 
(K 0, 2 C Oa) -f N H 3 : Triturated with driod oxalic acid, this 
salt yields oxalate of potash and cvaraelide. When aoetio acid 
is added to a oonoontrated freshly made solution of cyanate of 
potash, the latter being in excess, there is deposited the acid 
cyanurate of potash, 

Cy 3 0. {* «rC y ,0,{ 2 K° 

CYANATE OF AMMONIA, 

a. basic. When dry ammonia and the vapour of cyanic acid 
are mixed, they form a light white solid, which is a cyanate of 
ammonia, containing moro ammonia than is required for a 
neutral salt. This salt gives off ammonia when treated with 
alkalies, and cyanic acid when treated with sulphuric aoid. But 
if dissolved in water, and the solution digested and evaporated, 
it yields crystals, which, although containing the elements of 
cyanic acid, ammonia, and water, exhibit neither of those cha- 
racters of a cyanate, hut are found to possess all the properties of 
urea , a product of the animal system. 

b. Anomalous cyanate of ammonia , or Urea, Ca Xa H* O 2 = 
(Ca N 0, K 0, X Hs). This remarkable compound exists in 
large proportion in healthy urine, and is extracted from it by 
evaporating it about 200° to a thin syrup, and adding about all 
equal volume of colourless nitric acid, Sp. Gh 1*35, quite free from 
nitrous acid, which forms a very copious crystallisation of nitrate 
of urea, wliilo the colouring* matter is destroyed with brisk 
effervescence. If cold he applied, the colouring matter resists, 
and the nitrate is then very dark and very difficult to putify ; 
cold ought, therefore, not to he usod, and the nitratf of urea is 
deposited nearly white, having only a clear yellow tint. It is 
dissolved in water, after being rccrystallised, and neutralised by 
potash or baryta. The whole is then gently evaporated to 
dryness, after separating as much nitrate of potash or of baryta 
as possible, and the dry mass digested in alcohol, whioh dissolves 
only the urea, and by spontaneous evaporation yields it in large 
transparent prismatic crystals. Should these not he colourless, 
the digestion of their aqueous solution with a littlo permanganate 
of potash, which has no action on urea, destroys the colouring 
matter entirely. Should an oxcess of that salt he added, a few 
drops of aloohol will instantly destroy it, and the filtered liquor 
will yield snow-white crystals of urea. 
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But although urea ifiay thus be obtained (or by the action 
of oxalic acid on the urine, which forms a sparingly soluble 
oxalate of urea) in any quantity from urine, it is fcund much 
easier to prepare it artificially from cyanate of ammonia. Liebig 
recommends the following process, which I have found to succeed 
perfectly : 28 parts of dried ferrocyanide of potassium, and 14 of 
peroxide of manganese, are mixed in powder and calcined, as 
above described, on a flat iron plate at a very low red heat, suffi- 
cient to keep up the glow which takes place. When this is over, 
the cofd mass, powdered, is acted on by a moderato quantity of 
cold water, which dissolves the cyanato of potash. This is 
filtered off, and set asido. A fresh portion of cold water being 
added to the powder, to wash it, is also filtered, and in this liquid 
are now dissolved 20 J parts of sulphato of ammonia, and the 
solution is added to the first filtered solution of the cyanate. A 
large quantity of sulphate of potash is deposited, which is strained 
off, and the filtered liquid now containing, with some sulphate of 
potash, all the cyanate of ammonia, is evaporated to dryness, 
during which process the cyanato of ammonia is transformed into 
urea. The dry mass is digested in alcohol, which dissolves only 
the urea, and yields it from tho first chemioally pure and in any 
quantity, if the operation bo carefully performed. Urea thus 
obtained is far cheaper than that extracted from urine. 

The artificial production of urea from cyanate of ammonia was 
discovered by Wohler. It was, with the exception of oxalic acid, 
and of hydrocyanic acid, the first example of an organic product 
artificially formed, although many other cases arc now known. 

Urea forms 4-sided prisms, resembling nitre in appearance, 
and also in their taste, which is saline and cooling, exactly like 
that of nitre. It is soluble both in water and alcohol. When 
heated, it melts, gives off much ammonia, and finally solidifies, 
being in a great measure converted into ammonia and cyanuric 
acid. 

Urea belongs to the class of organic bases, for it forms crystai- 
lisable compounds with several acids, such as nitric, oxalic, and 
acetic acids. 

The nitrate, when impure, crystallises in scales of a high lustre ; 
when pure, it forms opaque prisms, or a crystalline powder. It 
is sparingly soluble in cold water, but very soluble in hot water. 
Formula, (Ca Ns Ha Oa, II 0, N Os). 

The oxidate forms long transparent prisms, very sparingly 
Soluble. Formula, (Ca Na H* Oa, H 0, Ca 03)=C* Na Ha Oa. 

The acetate I have obtained as a mass of prismatic crystals, 
exceedingly soluble in water. Formula, probably (Ca Na H* 0*. 
H 0, C* Ha O0=Ca Na Ha Oa. 
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Although urea combines with pure nitrio acid, it is instanta- 
neously decomposed by hyponitrods acid, yielding ammonia, 
water, and equal volumes of carbonic acid and nitrogen gases. 
Ca Na H* Oa 4“ N OsstNHs -f H 0 4- 2 C Oa 4- Ns. When 
acted on by strong acids, or alkalies, with the aid of heat, 
urea takes up the elements of water, and forms carbonate of 
ammonia, Ca Na H* 0* 4- 2 H 0 = 2 (N Ha, C Oa). It may 
therefore be regarded as a double molecule of carbamide 
for Ca Na H* Oa = 2 (N Ha , C 0). When urine is ijft in 
contact with the mucus usually suspended in it, the mucus 
entering into decomposition oxcites in the urea such a reac- 
tion with the elements of water, as very soon to oonvert the 
whole urea into carbonate of ammonia. Hence the reason why 
urino so soon becomes alkaline, oven if acid when voided. But if 
filtered from the mucus as soon as passed, it keeps unchanged, in 
clean vesstds, for a long period. 

2. Fulminio Acid. Cy-iOa, 2H0 = Cy a 0 4 , H a = 86. 

A bibasic acid, unknown in the separate form. It is obtained 
in combination with oxido of mercury, or oxide of silver, by 
treating alcohol with the nitrates of theso metals, and free nitrio 
acid. A violent effervescence takes place, dense white vapours 
are disengaged, and a crystalline powder is deposited, which is 
fulminate of mercury or of silver. Both detonate powerfully by 
heat, friction, or percussion. 

In the above reaction there are first formed, on the one hand, 
hyponitrous acid ; on the other, aldehyde, and formic and oxalio 
acids. The fulminio acid is the result of a reaction between 
oxide of ethyle (ether) and hyponitrous acid, in presence of oxido 
of meroury or oxide of silver. 2 N Oa 4* (C4H5) 0 = CtNaOa 4* 
5 HO = Cy a 0 2 , 2 H 0 + 3 H 0. 

This acid cannot be isolated, being instantly dftomposed 
when deprived of a fixed base. It forms two series of salts : 
neutral, with 2 eq. of fixed base, Cya Oa , 2 M 0 ; and acid, 

with 1 eq. of fixed base and 1 of water, Cya Oa*, j ^ It also 

forms salts with 1 eq. of two different bases, of which one is 
always easily reducible, as oxido of silver, mercury, and copper, 
while the other may be difficult to reduce, such as baryta, 
potash, &o. 

The fulminates of silver and mercury, Cya Oa , 2 Ag 0, and 
Cya Oa, 2 Hg 0, are examples of the first class. The acid 

fulminate of zinc Cya Oa | ^ q formerly supposed to be 

fulminio acid, is an example of the second; and the double 
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fulminates of copper and silver, and of potash and silver, 
Cy* Oa | q and Cy§ Oa j are examples of the third. 

Ko neutral fulminates exist with 2 eq. of a difficultly reducible 
oxide, such ns potash, soda, baryta, &c. : nor do any acid fulmi- 
nates occur with such bases. These very remarkable facts 
evidently point to some relation, not yet understood, between 
the oxygen of the base in a salt and the acid of that salt. It 
will tfc seen that the hydrated acid is polymeric with cyanio acid, 
for Cya Oa, 2 II 0 = 2 (Cy 0, H 0). 

Liebig recommends to dissolve 3 parts of mercury in 36 parts 
of nitric acid, of Bp. 0. 1*34, without heat, in a largo flask, 
capable of containing about 20 times the volume of tho acid. 
The nitrous acid vapours which are formed remain in the flask. 
Tho solution is then poured into another vessel, containing 17 
parts of alcohol, and the mixture at once returned to the flask, 
where it is to be well agitated with the red vapours, which it in 
great measure absorbs. 

After 5 or 10 minutes, bubbles of gas begin to rise, and a 
heavy, highly refractive liquid appears in tho bottom of tho flask. 
This is mixed with the rest by agitation, and after a short time, 
the liquid becomes dark from tho separation of a little metallic 
mercury. A very turbulent reaction now begins, giving out thick 
white vapours in large quantity, with traces of nitrous vapours. 
The action is now to be moderated by the gradual addition of 17 
parts more of the same alcohol. The dark colour now disappears, 
hnd the crystals of the fulminate of mercury begin to separate. 
At first they are in part brought to the surface by the gas dis- 
engaged, but the addition of the alcohol causes them to settle, 
and the liquid is easily decanted from them, when the whole is 
cold. No heat is applied externally during this process, which 
yields th# whole mercury in the form of fulminate, amounting 
to 4*6 parts from 3 of mercury, and purer than by the usual 
process. 

This salt, and the fulminate of silver, prepared in the same 
way, are very dangerous compounds, exploding by slight friction 
or peroussion, as well as when heated, and sometimes from very 
slight causes, almost spontaneously. An explosion of this kind 
caused the death of a distinguished chemist, Mr. Hennell, who 
was preparing a large quantity of fulminating mercury, to be 
used for percussion caps, in the open air. Caustic alkalies pre- 
cipitate from the solution of these fulminates half the metal, forming 
double fulminates ; and chlorides also only precipitate half the 
silver* Nitric acid, added to the solution, causes a deposit of acid 
fulminate of silver, 
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Cy a O, {«g« Cyi O.{H 

Hydrochloric acid addod to fulminate of silver, gives rise to 
water, chloride of silver, hydrocyanic acid, and a new acid, 
chlorohydrocyanic acid C a N Cls , H a . Thus — 

C*tf,0 2 , 2 Ag 0 + 7 H Cl =; 4 H 0 + 2 Ag Cl + C 2 N H + Ca N Ch Ha . 

3. Cyaitviiic Acid. Cy 3 0 S , 3 HO= Cy3 0©, H 3 = 129„ 

A tribasic acid discovered among the products of the distillation 
of uric acid. It is formed when solid chloride of cyanogen Cy 3 
Cl 3 acts on water ; Cy» CI 3 4* 6 H 0 = 3 II Cl + Cys O a , Hs . 
It is also formed when urea is heated so as to expel its ammonia. 
According to what has been stated of the composition of urea, it 
ought to yield cyanic acid when deprived of its ammonia ; but at 
that temperature 3 eq. of cyanic acid, 3 (Oy 0, II 0), coalesce to 
form 1 eq. of cyanuric acid, Cys 0 3 , 3 II 0. When, again, acotio 
acid is added to cyanate of potash, in quantity insufficient to 
decomposo the whole, there is deposited a salt which is an acid 

! K 0 
2 IT O 

Finally, cyanuric acid is obtained by dissolving melame, am- 
melinc, ammolido and melamine (see those substances) in 
sulphuric acid, and diluting and heating the solution, until it 
yields no precipitate with ammonia. On evaporation and cooling, 
the acid forms piismatic crystals, which are Cya 0 3 , 3 II 0+4 aq. 
When dissolved in hot nitric or hydrochloric acid, it is deposited, 
on cooling, in anhydrous octahedrons. When it has been pre- 
pared by heating urea it is purified by dissolving it in oil of vitriol, 
and adding nitric acid, drop by drop, till the colour is entirely 
destroyed. An equal bulk of water is then added, and, on cooling, 
pure cyanuric acid is obtained in crystals. n 

Cyanurio acid has a weak acid taste, and is sparingly soluble 
in cold water, more soluble in hot water. Unlike cyanic and 
fulminic acids, it is very permanent in the uncombincd state. 
When heated in close vessels, it is entirely volatilised in the form 
of cyanic acid, of which 3 eq. are exactly equal to 1 eq. of 
cyanurio acid. 

As cyanurio acid is formed when urea (cyanate of ammonia) 
is decomposed by heat, and when cyanato of potass is acted on by 
acotio acid, and as cyanurio acid, when heated, is resolved into 
cyanio acid, we have every reason to think that in the former 
oases, 3 eqs. of cyanio acid coalesce to form one of cyanurio acid j 
and that, in the latter ease, 1 eq. of oyanurio aoid is broken up 
into 3 eqs. of cyanio acid. 3 (Cy 0, H O) = Cys Os, 3 H 0. 

Q 
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Like otter tribasic aoida, cyanurio aoid forms three series of 
salts, according*!*) the formulae : — 

Salt with 1 eq. of Salt with 2 eq. of Salt with 3 eq. of 
Hydrated Acid. fixed base. fixed base. fixed base. 

Cys Os, 3 HO CyoCfc. [ 2 HO. C y s0 i{ 2 HO Cy»0,,3M0. 

The salts with 1 and 2 eqs, of fixed baso are acid ; that with 3 
eqs. is neutral. With potash and other similar oxides, only tho 
two aoui salts aro known ; with oxide of silver, the salts with 2 
and 3 eqs. of oxide. 

The three following salts, namely, 

(Tyanate of Silver, Fulminate of Silvor, Cyannrale of Sllvor, 

CyO, Ag 0 ; CyaO,, 2AgO; Cy,0,', 3AgO 

have exactly the same com position in 100 parts ; and yet they 
are in properties entirely dissimilar ; this can only be accounted 
for by some such difference in their formula) as is exhibited 
above. The acids of these salts are all mutually convertible : 
for when fulminate of silver is decomposed by a Balt of ammonia, 
the fulminate of ammonia is transformed, like Hie cyanate, into 
urea ; urea when heated yields cyanurio acid ; and cyanurio 
acid when distilled is transformed into cyanic acid. All these 
circumstances favour the belief that all three are polymeric 
compounds of cyanogen, although Wohler considers cyanurio 
acid to be bibasio, and its formula to be C 0 N 3 II 0*, 2 H 0. 

Cyamelide; ChOa + N H. (? Biearbiinide.) 

But this is not the end of these transformations; for whon 
cyanic acid is left to itself it becomes turbid and hot, and is soon 
converted with great heat, into an opaque white solid body, 
cyamelide, # which has no acid properties ; and which is also 
obtained as a white insoluble powder, when fused cyanate of 
potash is triturated with dried oxalic acid, in which case oxalate 
of potash is formed, and the cyanic acid, at tho moment of being 
set free, is transformed into cyamelide. Cyamelide is neutral 
and insoluble in water and acids, It dissolves into aqua potassce, 
ammonia being evolved, and the solution yields cyanurate of 
potash. Heated by itself it yields oyanio acid, which again 
passes into cyamelide ; and when heated with strong sulphuric 
acid it forms sulphate tff ammonia, while carbonic acid escapes : 
this action is identical with that which occurs when cyanic acid 
is acted on by water and by acids. All these observations prove 
that cyamelide is another isomeric modification of cyanio, ful- 
minic, or cyanuric acid, Its probable formula is Ca Oa + N H, 
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and this, with 2 eqs. H 0, yields bicarbonate of ammonia, just 
as cyanio aoid, the formula of which is the same, does. The action 
of potash is probably this. 4 (Ca Oa N H) -f 3 H 0 + 4 K 0 = 

C. Ns Oa, | 2 jjo + 2K0 > C 0a + N m ‘> that is: 4 e( l s - 

oyamelide, 3 eqs. water, and 4 eqs. potash, yield 1 eq. eyanurate 
of potash, 2 eqs. oarbonate of potash, and 1 eq. ammonia. 

The three oxygen acids of cyanogen may be fitly compared 
with the three phosphoric acids ; and as we have hitherto made 
use of the older view of these acids, that whioh makes them 
hydrated oxygen acids, we shall, in this comparison, adopt the 
other thoory, and speak of them as hydrogen acids. 

Monobasic. Bibaflio. Tribasic. 

Acids of Cyanogen . . Cy O 2 + H Cya 0* + Ha Cy3 Oo + Ha 

Acids of Phosphorus . P 0« + II P Oj + Hj P 0« + H 3 

In the cyanic acids, both the radical and the replaceable hydrogen 
being doubled and trebled, the capacity of saturation increases 
in the same ratio. In the phosphoric acids, the capacity of 
saturation also increases with the replaceable hydrogen, but a 
great addition to the radical has no corresponding effect in 
increasing either the replaceable hydrogen or the neutralising 
power. Thus, if to tribasic phosphoric acid P Os -f IP* we add 
2 eqs. of P Oo = Pa O 10 we obtain Ps Ois + lb = 3 (P Oo -f- H) ; 
that is, the acid becomes monobasic, but the quantity of base 
neutralised is the same after that addition as before. Notwith- 
standing this difference, however, the analogy between the mono- 
basio, bibasio, and tribasic acids of cyanogen and phosphorus, as 
well as that between their salts, is most interesting and worthy of 
attention. As we believe that the phosphorio acids contain three 
different radicals, P Oo , P O 7 and P Os , so we may admit that 
the three cyanio acids have each a distinct radical ; only in this 
case the three radicals are alike in composition, and differ in their 
relativo weight : the first being C« N = Cy ; the second C* Na 
= Cya ; and the third Co No = Cy3 ; or, in other words, these 
radicals are cyanogens, differing in molecular constitution, or 
three different allotropio or polymeric forms of cyanogen. The 
relations of chlorine to cyanogen, and the existence of para- 
cyanogen, countenance this idea. 

Liebig has lately shown that from the salts of fulminic acid, by 
boiling with soluble chlorides, there are obtained salts of a new 
acid, the composition of which is the same as that of cyanuric acid, 
but which is monobasic. It is called fulminurio acid, and its formula 
is Cya Os, 3 H 0 = Cya Ha Oa, H 0, or Ce Ha Na Oa, H 0* 
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The fulmimyrate of potash is got by boiling fulminate of 
mercury with water and chloride of potassium. The fulminate 
after a time dissolves, and subsequently a new reaction takes 
plaee, yellow hydrated oxide of mercury being separated. When 
the liquid has lost its turbid appearance, and the oxido has been 
entirely deposited, the whole is filtered, "and the filtered liquid on 
evaporation yields orystals of fulminurate of potash. There are 
two stages in the procoss. In the first, 3 eqs. of fulminate of 
mercu^.and 3 of chloride of potassium yield 3 of fulminate of 
potash and 3 of chloride of mercury, Liebig represents fuhninic 
acid as isomeric with eyanio acid, and therefore ho writes fulmi- 
nate of mercury, Cy 0, Hg 0. Now, 

3 (Cy 0, Hg 0) + 3 K Cl = 

= 3 (Cy 0, K 0) + 3 Hg Cl. 

He also, liko many foreign authors, makes the cq. of mercury 100, 
and consequently peroxide of mercury, as above, Hg O. I retain 
his formulae, because I think that this remarkable reaction is far 
more simply explained on his view than on ours. 

In the second stage, 2 eqs. of water take a share, and 

S(Cy0,K0) + 2H0 + 3n g Cl=3Cy0 2 gyJ+2KCl + 2Hg0 + HgCl 

That is to say, 3 eqs. of fulminate of potash yield 1 eq. of 
fulminurate of potash, and the 2 eqs. of potash displaced by water 
act on 2 eqs. of chloride of mercury (bichloride as we call it), 
fonning 2 eqs. of chloride of potassium and 2 eqs. of oxide of 
mercury, the third eq. of chloride of mercury remaining 
unchanged. 

The fulininurates of soda, ammonia, '&c., are obtained in the 
same way, Rising the chlorides of sodium and ammonium, &c. 

The fulininurates crystallise beautifully, and have a very high 
dispersive power, and consequently a lustre and play of colours 
similar to that of the diamond. They are not explosive, but aro 
decomposed by heat with a rapidity short of explosive. 

The formulae of oyanuric and fulmimirio acids, which are 
isomeric, differ in the amount of hasio water or replaceablo 
hydrogen. 

Qyanuric acid CoNaOa, 3 HO 
or OaNaOo, Ha 

Fulminuric add Co Ha Na Oa , HO 
or Ca Ha N» Oo , H 


The former is tribosio, the latter monobasic. The fulminate of 
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potash will be exaotly isomeric with the acid cyanurate of potash 
with 1 eq. of potassium and 2 of basic water. 

We must here state that the true formula of fulminic acid is 
still uncertain ; for while Liebig makes it Cy 0, II 0 , the same as 
cyanic acid, many chemists consider it, as we have done, to be 
double of this, Cys Oa , % H 0, and to be bibasio. 

CYANOGEN AND NITROGEN, 

Mellon© = Cis Nia = Me == 290. 

This compound was discovered by Liebig, and by him named 
Mellon e, and its formula was said to be Co N \ = Cy 3 + N, that 
is, 3 eqs. of cyanogen, and 1 eq. of nitrogen, united to form a 
compound radical. Gerhardt maintained that it also contained 
hydrogen, but Liebig denied this, as its compound with potassium 
could be formed from substances containing no hydrogen, and tho 
proportion of hydrogen found by analysis was both very small 
and variable, depending on accidental moisture. The latest 
researches of Liebig have confirmed these facts, but have proved 
that the true formula of mellone is Cis Nia , that is, 3 times as 
much as the former one, with the addition of 1 eq. more of nitro- 
gen. For 3 times Ca N* is Cis Ni* . Mellone may, therefore, 
be regarded as composed cither of Cis -j- N 13 , or of Cyu -f- N * . In 
the former case it is a compound of carbon and nitrogen in most 
unusual proportions, such as are found in no other binary com- 
pound. In the latter case it is a compound of 9 eq. of cyanogen 
with 4 of nitrogen, which is equally unprecedented. The 
researches of Liebig, however, leave no doubt that such a com- 
pound really exists, whichever view be taken of its constitution. 
It is probable that future researches will show that its constitution 
involves some law at present unknown, and that wg may learn 
the true constitution of so very strange a compound. 

Mellone is not known in the separate state, at least not in a 
perfectly pure form. But when sulphocyanogen is decomposed 
by heat, a substance is left, which seems to be impuro mellone, in 
the form of a yellowish-grey powder. When further heated, it is 
resolved chiefly into cyanogen and nitrogen gases, but it contains 
also some hydrogen, which . is expelled in combination when the 
heat is first applied. 

Liebig has shown, however, that mellone has all the ohemical 
relations of a compound radical, in the same way as cyanogen, 
sulphocyanogen, ferrocyanogen or ferrideyanogen. It forms an 
acid with hydrogen, and salts with metals. 

Mollone, like ferrideyanogen, is a tribasic radical; for the 
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hydromellonip acid is Cis Nia Hs =s Me Ha , and, in its salts, 
this hydrogefi is partially or entirely replaced by metals. 

As a radical, we shall briefly describe it and its chief compounds, 
after those of cyanogen. 

CYANOGEN AND CHLOTtINE. 

Cyanogen forms two chlorides : one gaseous, but compressible, 
obtained by the action of chlorine gas on dry hydrocyanic acid ; 
the other solid, formed by a spontaneous transformation of the 
former when kept in the liquid form in sealed tubes. Both arc 
volatile, and both contain cyanogen and chlorine, equivalent for 
equivalent. But the vapour of the solid chloride is three times 
denser than that of the other : and, moreover, tho solid chloride, 
in contact with water, produces hydrochloric and oyanurio acids : 
while the gaseous chloride, under the samo circumstances, gives 
rise to hydrochloric acid, and cyanio acid, the latter, with water, 
at once passing into bicarbonate of ammonia, so that the final 
result is sal ammoniac and carbonic acid. 

These considerations prove that tho two chlorides are polymeric: 
that the first or gaseous chloride is Cy Cl ; and that the solid 
chloride is Cys Ola, and is formed by tho junction into one group 
of 3 eq. of the other; and we are consequently justified in 
extending this view [to cyanio and oyanurio acids, and in sup- 
posing the vapour of tho latter to bo three times more condensed 
than the vapour of cyanic acid : and the cyanogen of cyan uric 
acid to be the cyanogen of the solid chloride, and threo times 
denser than ordinary cyanogen. 

CYANOGEN WITH BROHINE AND IODINE. 

With these eloments cyanogen readily combines when cyanide 
of mercury* is distilled with bromine or iodine. The bromide 
and iodide are both volatile, and crystallisable, pungent, and 
poisonous. 

To judge by tho density of their vapours, these compounds are 
Cy Br and Cy I, corresponding to the liquid chloride, which is 
also very pungent and irritating to the eyes. 

CYANOGEN AND SUtPHCB. 

Bisulphuret of Cyanogen. Cy S» == 58. 

When sulphooyanide of potassium (see that salt) is acted on 
by chlorine or by dilute nitric acid, there is obtained an orange- 
yellow powder, which contains sulphur and cyanogen, and which 



CYANOGEN AND METALS. 


87 


is supposed by some to be bisulphuret of cyanogen, by others to 
contain hydrogen. This question will be considered hereafter ; 
for whether this be so or not, there is a compound, possibly that 
compound, of sulphur and cyanogen, which acts as a radical, and 
is hence called sulphocyanogen. It will be described separately, 
since it is far more important as a radical than as a compound 
of cyanogen. 

CYANOGEN AND METALS. 

With metals, cyanogen forms compounds which in mafty cases 
are analogous to the ohlorides of the same metal. When the 
metal is easily reducible, such as silver, mercury, or palladium, 
the cyanide is formed by the action of hydrocyanic acid on the 
oxide, or its salts ; M 0 -f- II Cy = II 0 -f M 0 y. In the case 
of difficultly reducible metals, such as potassium, hydrocyanic acid 
seems to combine with the oxide, not being able to reduce it, until 
another cyanide is added, which tends to form a double oyanide . 

Cyanide of Potassium, = K Cy is best formed by heating to 
whiteness in close vessels the ferrocyanide of potassium, a salt 
which may be viewed as containing cyanide of iron and oyanide 
of potassium. The former is converted into insoluble carburet 
of iron ; the latter remains unchanged, and may be mechanically 
picked out, or dissolved in hot alcohol of GO p. c., which deposits 
it on cooling. Or, an alcoholic solution of pure and dry hydro- 
cyanio acid is added to an alcoholic solution of potash : or, lastly, 
the vapours of hydrocyanic acid, formed on the process given at 
p. 71, are conducted into an alcoholio solution of pxdash, kept 
cool, when the salt is deposited. 

It is white, and erystallisablo in cubes. It has no smell when 
pure, but when exposed to moist air, smells of hydrocyanic acid. 
It is very poisonous. When heated, it fuses easily, and is not 
altered by heat in close vessels. Ileated in the air, it absorbs 
oxygen, and is converted into cyanate of potash K*Cy -f O 2 =s 
K 0, Cy 0, It is very soluble aud deliquescent, and its solution, 
attracting carbonic acid from the air, gives oft* hydrocyanic acid : 
hence its smell. 

Cyanide of Sodium is analogous to the preceding salt. 

Cyanide of Zinc, Zu Cy, is obtained by adding hydrocyanic 
acid to acetate of zinc. It is a snow-white insoluble powder, 
which is used in medicine. 

Cyanide of Iron . — Protocyanide of iron, Fe Cy, has not been 
isolated. There appears to exist a percyanido, also not yet 
isolated, F ea Cya; and, according to Pelouze, there may be 
obtained an intermediate oyanide, Fes Cy*, analogous to the 
magnetic oxide of iron, as a green powder. 
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But although the oyanides of iron are little known, there 
are some very important compounds, especially those of two 
radicals, which contain those elements, namely, cyanogen and 
iron, along with hydrogen, and with metals. These will bo 
described after we have gone over the simple cyanides of the 
metals. 

Cyanide of Cobalt ) Co Cy, is obtained as a brownish- whito 
precipitate, by adding hydrocyanic acid to the aoetate of cobalt. 
Cobalt also forms compounds analogous to those of iron above 
alluded to, with cyanogen, &o. 

Bicyanide of Mercury, Hg Cya , is easily obtained by dissolving 
red oxide of mercury in very dilute hydrocyanic acid, till the 
smell of the acid is destroyed. The liquid, rendered neutral, 
if necessary, by a few drops of hydrocyanio acid, yields fine 
crystals, on evaporation and cooling. Or it may be made by 
the action of three parts of persulphate of mercury on two 
of ferrocyanide of potassium dissolved in fifteen of hot water, 
which is boiled and filtered, and the filtered liquid' on cooling 
deposits the bioyanide. 

It forms regular prismatic crystals, permanent in tho air, of a 
horrible metallic taste, soluble in water and alcohol. It is used 
for making cyanogen, also to prepare hydrocyanic acid by one 
process, and to yield the bromide and iodide of cyanogen. 

Cyanide of Silver , A g Cy. — Formed by the action of hydro- 
cyanio acid or cyanide of potassium on nitrate of silver. It is 
exactly similar to tho chloride, white, curdy, insoluble in water 
or acids, soluble in ammonia. It is decomposed by hydro- 
ohlorio acid, yielding hydrocyanio acid. 

Cyanide of Palladium , Pd Cy. — The affinity of oyanogen for 
palladium is most powerful, and hydrocyanio acid, or a soluble 
cyanide, when added to a salt of oxide of palladium, precipitates 
the cyanide as a grey powder. This property serves for 
separating palladium from other metals. 

Cyanides of 6 old . — The protocyanide, Au Cy, is formed by 
adding cyanide of potassium in exoess to protochloride of gold, 
till a clear solution is formed, and then adding hydrochloric acid, 
which precipitates tho protocyanide as a bright yellow powder, 
very permanent, and soluble in cyanide of potassium. 

The teroyanide, Au Cya, is formed by the action of oyanide 
of potassium on terchloride of gold, and appears as whitish- 
yellow precipitate, soluble in cyanide of potassium, insoluble 
in acids. 


DOTTBXE CYANIDES OP THE METALS. 

The insoluble metallic oyanides, suoh as those of iron, cobalt, 
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copper, silver, gold, platinum, and others, dissolve readily in 
cyanide of potassium, or sodium, forming crystallisable double 
cyanides, which are not affected by soluble carbonates nor by 
chlorides, but are generally decomposed by acids, which pre- 
cipitate the insoluble cyanide. If these double cyanides, which 
may be 2 K Cy + m Cy (m Cy being an insoluble metallic cyanide) 
are added to the solution of the oxide of another metal, forming 
also an insoluble cyanide, this latter metal takes the place of the 
potassium, and a new double insoluble cyanide is the Jesuit. 
Thus (2 K Cy + m Cy) + 2MO=2KO -f- (2 M Cy -f m Cy). 
(Hero m may be iron, and M copper or lead.) Now, as these double 
cyanides, thus precipitated, are of various and often characteristic 
colours, the ferrocyanide of potassium, 2 K Cy + Fe Cy, is 
extensively used as a test for metals. 

Tho protocyanide of iron, the percyanido of iron, the percyanide 
of cobalt, and perhaps some others, not only form double salts 
with the elements of cyanide of potassium, but also produce very 
remarkable acids, by combining with the elements of hydrocyanic 
acid, that is, with hydrogen replacing tho potassium of tho double 
salt. Thus forrocyanic acid is 2 II Cy -f Fe Cy, and so on. In 
these compounds the hydrocyanic acid is no longer poisonous, and 
it is therefore highly probable that these acids, and their corre- 
sponding salts, really contain new and very peculiar radicals. The 
assumption of these radicals will alone enable us to classify or 
remember these compounds. 


IV. Ferrooyanogbn. CyaFe = Cfy = 10t>\ 

We assume, then, tho existence of this radical as the basis of 
ferrocyanido of potassium, or prussiato of potash. It is bibasic, 
combining with 2 e<p of hydrogen or of metals. The following 
formulee express the composition of ferroqyanio apid and of 
ferrocyanide of potassium, &o. 

Ferrocyanic Acid = Cfy, Ha == Cy» Fe, Ha = 2 H Cy + Fe Cy. 

Ferrocyanide of Potassium = Cfy, K 2 sz Cys Fe, Ka = 2 K Cy + Fe Cy. 

Iron = 3 Cfy, Fe* = 1 3Cys Fe, Fe* = 9 Cy + 7 Fe. 

It will bo seen, by tbe two first compounds, that we may 
consider them cither as compounds of the radical Ciy with 
hydrogen or metals, or as double cyanides. In the third, which 
is the formula of prussian blue, we see that the iron exists in two 
different states, in one of which it cannot be detected by the usual 
tests. That form is the radical Cfy, which exists also in the two 
preceding eompounds. 
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Ferrocyanic Acid. Cfy, Ha = 108. 

This very interesting compound is obtained by mixing a cold 
saturated solution of ferrocyanide of potassium with one quarter 
its volume of strong hydrochloric acid, and agitating the mixture 
with half its bulk of pure ether ; the ether rises to the surface, 
carrying with it, suspended, a white crystalline substance, which, 
when washed with ether and dried, is ferrocyanic acid. It is 
soluble in water and alcohol, has a decidedly acid taste and 
reactibn, and decomposes tho alkaline carbonates, forming, with 
carbonate of potash, the ferrocyanide of potassium. The pro- 
duction of this compound by tho action of hydrochloric acid on 
ferrocyanide of potassium is very easily explained. Cfy, K a ■+* 
2 H Cl = Cfy, H a -f 2 K Cl. 

Although this compound may be represented as a combination 
of cyanide of iron with hydrocyanic acid, Fe Cy -}- 2 II Cy, there 
is every reason to believe that it contains no hydrocyanic acid, 
as such. For not only is it far more strongly acid, (and proto- 
cyanide of iron cannot be supposed to givo acid properties to 
hydrocyanic acid,) but it is totally destitute of all poisonous 
properties, and both it and its salts may be taken internally 
without further effect than tho laxative action common to most 
neutral salts. 

Ferrocyanic acid, being bibasic, forms two kinds of salts : in 
the first the 2 cq. of hydrogen are replaced by 2 eq. of 
potassium, sodium, &e. ; in the second, they are replaced by 
equivalents of two different metals : such as potassium and 
barium. An example of the first class is, Cfy -j- Ka ; of tho 

second Cfy j Of all these compounds, by far tho most 

important is the ferrocyanide of potassium, or prussiate of potash, 
from which all the compounds of cyanogen may bo prepared, 
and whiclfis manufactured on the largo soale, being also used in 
the arts. 

Ferrocyanide of Potassium. Syut. Prussiate of Potash. An- 
hydrous, Cfy Ka, 184*4. Crystallised, it is Cfy, Ks -j- 3HO = 
211*4. — This valuable salt is prepared by fusing animal matter, 
such as dried blood, hoofs, hair, horns, &o., or the animal 
charcoal remaining after suoh matters have been distilled to 
obtain carbonate of ammonia, with potashes or pearlash, in iron 
vessels, as long as gas is disengaged. The melted mass is then 
withdrawn from the fire, and when cold, lixiviated with water, 
the solution digested with the insoluble part, filtered and 
evaporated, when it deposits, on cooling, yellow crystals ; whioh 
by a second solution and crystallisation become quite pure* 
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The essential points of this process are, first, the presence of 
as much nitrogen as possible in the animal matter : hence fresh, 
dried, uncalcined animal matter is far preferablo to animal 
charcoal : secondly, the presence of metallic iron or sulphurct of 
iron: the former is either directly derived from the vessels, 
which are rapidly corroded, or added as filings ; the latter is 
formed from the iron of the vessels by the action of bisulphurefc 
of potassium, whioh arises from the decomposition, by charcoal at 
a red heat, of the sulphate of potash contained in the potashes or 
pearlash ; hence pure carbonate of potash is not adapted to this 
process. Thirdly, the exclusion of the air as far as possible, 
in order to prevent the oxidation and destruction of the cyanido 
of potassium formed. 

The explanation of tho process is very simple and beautiful, and 
wo are indebted for it to the researches of Liebig. ’When animal 
matter is heated along with potash, cyanogen is formed, and 
combining with the potassium (set free at the same time by the 
action of carbon on potash) produces cyanide of potassium, a salt 
which is not decomposed by a red heat in closed vessels. At the 
same time metallic iron and sulphurct of iron are present in the 
mixture, but not a trace of tho fcrrocyanido, previous to the 
action of water, for the very obvious reason, that tho ferrocyanido 
is decomposed by a red boat, into cyanide of potassium and 
carburet of iron, nitrogen being disengaged. 

If the cooled mass be now digested in water, tho cyanide of 
potassium dissolves either the metallic iron with disengagement 
of hydrogen, or the sulphurct of iron, and the filtered liquid now 
contains the ferrocyanide. 

Direct experiments have shown that cyanido of potassium 
dissolves either iron, oxide of iron, or sulphuret of iron, pro- 
ducing tho ferrocyanido ; 3 K Cy + Fe f H O = (2 K Cy + 
F e Cy) + K 0 + H. Or, 3 K Cy + Fe S=(2KCv+ Fo Cy) 
+ K S. And it has also been shown by Liebig that if the fused 
mass ho lixiviated with alcohol, the residue, when treated with 
water, yields no ferrocyanide, while the alcohol contains none, but 
only cyanide of potassium. 

Taking these facts into consideration, perhaps the best method 
would be to use pure carbonate of potash, free from sulphate, by 
which means no sulphuret of potassium would bo formed, and the 
iron vessels would not suffer as they now do. The cyanide of 
potassium, being dissolved in water and filtered, should then be 
placed in contact with iron turnings in fiat open vessels, when the 
third part of the potassium being oxidised by the air, the iron is 
rapidly dissolved, and a quantity of ferrocyanide obtained equal 
to that indicated by the cyanide of potassium present. 
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It appears from the researches of Range, that while the pre- 
ceding theory of the formation of this salt is true of what takes 
place in experiments on the small scale, yet when it is manu- 
factured on a large soale, different results are obtained. If iron 
be added to the materials before ignition, Runge finds that the 
ignited mass does not yield to alcohol any cyanide of potassium, 
and that the insoluble residue contains ferrocyanide ready-formed, 
which is curious, since we know that a strong red heat de- 
comp^es it. 

The contradiction between the results of Runge and those of 
Liebig must depend partly on the influence of the larger mass in 
Runge’s case, but chiefly, no doubt, on the temperature employed. 

It is stated by Runge that when the ignited mass is dissolved in 
iron vessels, the vessels are not attacked, becauso the ferrocyanide 
already exists ; but it is a well-known fact, that when animal 
matter is calcined with potash, the mass dissolved in water in iron 
vessels, rapidly corrodes them with disengagement of hydrogen, 
while the ferrocyanide is formed from the cyanide of potassium. 

The ferrocyanide of potassium forms large honey-yellow, trans- 
parent, flat, quadrangular prisms, derived from a rhombic octa- 
hedron. It is very soluble in water, and forms precipitates in 
almost all metallic solutions, many of which are characteristic. 
Thus, with solutions of zinc and lead, it gives a white precipitate, 
with those of copper a chestnut brown, with those of peroxide of 
iron a deep blue, with protoxide of iron a pale blue, with those of 
barium and calcium whitish-yellow orystalline precipitates. The 
lead precipitate is Cfy, Pbaj that of copper Cfy, Cua; those of 
barium and calcium 

Cfy | ]} a and Cfy j ^ a . and that of zinc, 2 Cfy -f- j ^ ns -f 6 
aq ss Cfy, Zna-f Cfy j ^ + 6 aq. That of protoxide of iron 

is 2 Cfy | jg 63 = Cfy, Fe* + Cfy j . All of these formulae 

are easily referred to the general formula of the ferrocyanides. 
Cfy, Ma ♦ J 

Ferrocyanide of Iron . — But the most remarkable of all these 
compounds is that formed with persalts of iron, namely prussian 
blue. It is produoed when ferrocyanide of potassium comes in 
contact with perchloride, or any Balt of peroxide of iron. Now 
as ferrocyanogen is a bibasio radioal, 1 eq. of it corresponds to 
2 eq. of potassium, hydrogen, oxygen, chlorine, &o. ; and as 
perchloride of iron, Fei Cla , oontains 3 eq. of chlorine, 1 £ eq. of 
ferroeyanide of potassium will be required to decompose 1 eq. 
of it, or, to avoid fractions, 3 eq. of ferrocyanide Cfya Ko = 3 (Cfy, 
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Ha ), are required for 2 eq. pcrchloride of iron, 2 Fea Cls = Fe* 
Cls . The result is, Cfya Ko + Fe* Ola = 6 K 01 -f Cfy 3 Fe* ; 
and this last is the true formula of prussian blue, although, 
from its tendency to combine both with ferrocyanide of potassium 
and with oxide of iron, its analysis offers great difficulties. The 
formula Cfy 3 Fe* or Fe*Cfy 3 shows that prussian blue corresponds 
to peroxide and perohloride (sesquioxide and sesquichloride) of 
iron, Fe a Os and Fe a Cls , for Cfy being bibasic is equivalent to 
Cla or 0 2 , and consequently Fe* Cfy 3 is equivalent to Fe*jCl B or 
Fe* Oc , that is, to 2 Fe a Cls and 2 Fe* Os . It must be admitted 
to be a \ery strong argument in favour of the existence of ferro- 
cyanogen, as a bibasic radical, according to the the ory of Liebig, 
that prussian blue, in all other theories the most complex and 
anomalous compound in the whole range of chemistry, becomes 
quito normal and one of a scries. 

If we make fe of Fc, then prussian blue may be represented 
(i 

by the formula Cfy fe 2 = Fe Oy, 2 fe Cy just as ferrocyanide of 
potassium is Cfy, Kz = Fe Cy -f K Cy. Now there is reason to 
believe that iron exists with the two different atomic weights 
indicated by Fe= 28 and fe = 18*66. This view simplifies still 
more the formula of prussian blue, and shows that it is a salt 
of the same type as the ferrocyanide of potassium. 

Ferrocyanide of potassium is employed to yield cyanogen and 
all its compounds. Wo have already seen how cyanogen, hydro- 
cyanic acid, cyanide of potassium, cyanato of potash, urea, cyanic 
and cyanuric acids, and ferrocyanio acid arc obtained from it. 
Cyanide of potassium, for testing, and to be used as a dux and 
in analysis, is best prepared, according to Liebig, by heating 
8 parts of the dry ferrocyanide with 3 of pure carbonate of 
potash in an iron vessel till the fused mass is colour lea-,. It is 
then poured off from the sponge of reduced iron, and kept in well- 
stoppered bottles. The reaction is as follows (representing the 
ferrocyanide, for convenience, as a doublo cyanide of iron and 
potassium) : 2 (Fe Cy, 2 K Cy) + 2 (K O, C Oj) = Fc* -f 5K Cy 
4- K O, Cy 0 + 2 C Oa . Hence the resulting salt contains 1 eq. 
cyanate of potash to 5 eq. cyanide of potassium. This tery useful 
preparation, known as Liebig’s cyanide of potassium, is not quite 
pure, containing cyanate of potash ; hut this does not interfere 
with its use. 

Another very remarkable compound is produced by the action 
of a current of chlorine gas on the solution of ferrocyanide, if 
transmitted until the solution ceases to produce prussian blue 
with perohloride of iron, yielding only a brownish-green colour, 
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but no -precipitate. The liquid now gives, on evaporation, beau- 
tiful deep hyacinth -red crystals of a new salt, the ferridcyanide 
of potassium, discovered by Gmelin. This salt oontains a new 
radioal, ferridcyauogen. 

V. Fbrridotanooen. Cy«Fe9= Cfdy s= 212. 

This radical has not yet been isolated. It is formed by the 
coalescence of 2 eq. of ferroeyanogen, and is tribasic. It forms 
an acid with hydrogen, and salts with metals. 

Ferridcyanic Acid, (CyaFea) + H3=r (2 Cfy + H3) = Cfdy, H»= 215. 

This acid is obtained from the lead salt Cfdy, Pb3, hv 
the action of sulphuric acid. It is soluble in water, and 
by the action of sulphuretted hydrogen, is converted into 
ferrocyanio acid : 2 Cfy, Ha -f HS = 2 (Cfy, Ila) -f- S. With 
bases it forms salts; as with potash the ferridcyanide of 
potassium. 

Ferridcyanide of Potassium, Syn. Red prussiate of potash. — 
Its preparation has been described above. Its formula is 2 Cfy 
-f = Cfdy, Ka ; and it is quito anhydrous. Like the yellow 
prussiate, it forms precipitates with most metallic solutions, 
many of which are characteristic. With salts of peroxide or 
with perchloride of iron, it only strikes a brown or green colour, 
but with protochloride or salts of protoxide, it forms prussian 
blue. As the radical is tribasio, 1 cq. of it ought to be equiva- 
lent to 3 eq. of oxygen, chlorine, &c., and if we suppose the 
potassium in the ferridcyanide replaced by its equivalent of iron, 
wo should have Cfdy, Fes = Tea Cya ; for Ka Cfya -f 3 Fo 0 = 
Fes Cfya + 3KO; and Fes Cfya = Fes Cya . But, instead of 
this compound, there is formed prussian blue, the same we have 
above described as being formed by the action of yellow prussiate 
on peroxide of iron. In fact, when the red prussiate is added to 
a solution of a salt of protoxide, or to protochloride of iron, yellow 
prussiate is formed along with prussian blue and a salt of potash. 
Bearing in mind, as in oil the above explanations, that 1 cq. 
femdoyanogen Cfdy is equal to 2 eq. ferroeyanogen Cfy, and 
that, consequently, the red prussiate, Cfdy, Ka may be equally 
well represented as 2 Cfy, Ka , then we have 2 (2 Cfy, Ka) + 4 
(Fe 0, S Oa ) = (3 Cfy + Fe*) -f (Cfy, Ka) -f 4 (K 0, S Oa). 

The ferridcyanide of potassium may be viewed as ferrocyanide 
of potassium, plus a certain amount of ferroeyanogen ; 2 (Cfdy, Ka ) 
=:3 (Cfy, Ks») -f* Cfy. 

With salts of lead, ferridcyanide of potassium forms the ferrid- 
oyanide of lead, Cfdy, Pb» , 
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According to some, the compound Cfdy, Fes is really formed, 
and is another kind of prussian blue, They represent it as a 
double cyanide 3 Fe Cy -f 3 fe Cy. J 
It is probable that this is the compound which is known as 
Turnbull’s blue. But, as we have seen, in certain circumstances 
ordinary prussian blue may be obtained by the action of the ferrid- 
cyanide on salts of iron. 

When liydrocyanio acid is prepared from the ferrocyanide by 
diluted sulphuric acid, a white salt separates, which is Cy s Jfr'e 2 K 

= Cfy | j£ e . This, by nitric acid and other ordinary agents, is 


converted into another deep blue salt, which is derived from 2 eqs. 
of the white salt by the loss of 1 eq. of potassium, just as the 
ferridcyanido is from tho ferrocyanide. 2 CysFeaK = CyoFe^Ks, 
and 1 eq. K being removed by the action of air, chlorine, or 
nitric acid, there is left the blue compound CyeFeaK, which is 

= Cfdy jV 32 | , a ferridcyanide of iron and potassiu 


lum. 


Thus, the blue salt, heated with a solution of the ferrocyanide of 
potassium, yields tho ferridcyanide of potassium, and the white 
salt from which the blue one was obtained. This is the best pro- 
cess for making the ferridcyanide, becauso the product is very 
pure, and tho white salt can bo again oxidised into blue salt, and 
this again used any number of times. 

Nitro-prussides . — When the ferrocyanide, or ferridcyanide, of 
potassium is acted on by nitric acid a now acid is formed, which 
combines with bases, forming salts, called by Playfair, who 
discovered them, nitro-prussides. The reaction is very compli- 
cated. The new salts, when soluble, form beautiful ruby-red 
crystals, as is the case with those of potassium and sodium. The 
insoluble salts have various colours. Playfair deduced from his 
analysis the complicated formula Fea Cyia, 3 N 0, Naa -f 10 H 0 
for the salts of sodium. But he also suggested that it might 
probably bo simpler, Fe 2 Cys, N 0, Naa + 4 H 0. lvyd has 
shown tho latter to bo the more correct. We may comparo 
those salts (M standing for any metal) with the ferrocyanides 
and ferrideyanidos, as follows, if we double tho formula of the 
ferrocyanides : 


Fea Cyo" + M* = Ferrocyanides. 
Fea Cye + Ms Ferridcyanides. 

Fea ^ 1 + Ma=r Nitro-prussides, 


With caustic potash, the nitro-prusside of potassium yields 
a new salt, as a yellow crystalline powder. Its formula is 
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probably Fes Cya , T$ 0, K» + 2 K 0 -f 4 H 0. With sulphuret of 
sodium, the nitro-prusside of sodium forms a now oompound, 
which dissolves in water with a splendid purple colour, which 
seems to be Fes Cys , N 0, Naa + Na S -f 3 II 0. Those singular 
oompounds, in whioh we see protoxide of nitrogen replacing 
cyanogen, and sulphuret of sodium replacing water, cannot be 
regarded as fully understood. They are therefore merely noticed, 
and the reader is referred for details to Dr, Playfair’s paper in 
the “Philosophical Transactions.’ * 

VI. CoBAr/rooYANOGKN. Cyo Coa = Cky = 21 *5. 

Not yet isolated, but known in combination with hydrogen, 
potassium, &o. It is analogous to ferrideyanogen in constitution, 
and like it, is tribasio. 

Cobalt ocyanic acid , Cky H3= 219 , <S2. — Obtained by the action 
of sulphuric acid on cobaltocyanide of lead, Cky, Pbs. It forms 
silky filaments, which are deliquescent and strongly acid. 

Cobaltocyanide of Potassium, Cky K. — Is obtained by acting 
on a salt of oxide of cobalt with solution of cyanide of potassium 
and hydroeyanio acid, when hydrogen is given off and the new- 
salt is obtained in crystals. The protocyanide of cobalt, preci- 
pitated on the first addition of cyanide of potassium redissolves 
in an excess of that salt, forming a compound 2 Co Cy -f K Cy, 
or 2 Co Cy -f 3 K Cy. At all events there is enough of cyanido 
of potassium present to form the latter compound. The hydro- 
oyanic acid, being now added, yields 1 eq. of cyanogen, converting 
tho 2 eq. of protocyanide into 1 eq. of sesquieyanido of cobalt, 
while hydrogen is given off: 2 Co Cy -f- H Cy = Coa Cys -f* H. 
Lastly, tho sesquieyanido Coa Cys , with the 3 eq. of cyanide of 
potassium, 3 K Cy, produces the cobaltocyanide of potassium, 
Cys Coa + Ka = Cky, Ks , The crystals are isomorphous with 
those of the red prussiate of potash ; they are yellow, soluble ; 
their solution is not altored by acids, and gives, in solution of 
protoxide of cobalt, a beautiful rose-coloured precipitate, analo- 
gous probably to prussian blue ; possibly, however, it may be 
Cky, Cos . It precipitates many other metallio solutions, such as 
those of lead and silver. 

Cobaltooyanide of potassium is a singularly permanent salt, 
resisting the action of the strongest acids ; which is, in itself, a 
sufficient proof that it cannot contain cyanide of potassium as 
such. With the salts of nickel it forms a green precipitate, Cky, 
Nia , whioh is insoluble in boiling dilute acids. This property has 
been applied by Liebig to the separation of cobalt from nickel in 
analysis. All other metals being removed, an excess of potash is 
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first added, and then hydrocyanic acid till the precipitate at first 
formeds is dissolved, and the whole is then boiled. Hydrochloric 
aoid is now added, and if no nickel be present, it produces no 
change, because it has no action on cobaltocyanide of potassium. 
But if nickel bo present (of course by this time as cyanide) it is 
converted into chloride, and this is instantly precipitated by the 
cobaltocyanide of potassium as cobaltocyanide of nickel. Should 
there be more cobalt than nickel present, the whole nickel is pre- 
cipitated, and the precipitate, acted on by potash, leaved the 
nickel as peroxide, while the cobalt is dissolved as cobaltocyanide, 
and may bo determined along with the portion not precipitated 
for want of nickel. If, oil tho other hand, there be more nickel 
than cobalt, all the cobalt is containod in the green precipitate of 
cobaltocyanide of nickel, and may be dissolved by potash, and its 
quantity determined, while the nickel left by the potash as per- 
oxide may be added to that left iu tho liquid for want of cobalt. 
Such is an outline of this very beautiful and refined method, which 
gives most accurate results. 

VII. CnuoMOCYANOOEN. Cya Cn = Cry. 

This radical is little known. It is analogous to the two pre- 
ceding, forming with hydrogen an acid, Cry, Hs, and with 
potassium a yellow crystallisablo salt, Cry, Ks , which precipitates 
metallic solutions. 


VIII. PLATINOCYAXOGEN. Cya Pt = Cpy = 151 *7. 

This radical is not known in the separate state. It forms with 
hydrogen a crystallisablo acid of a gold or copper colour and 
metallic lustre, Cpy Ila , which is very soluble and deliquescent. 
This acid is powerful, decomposes the carbonates, and produces 
platinocyanides. Platinocyanide of potassium, Cpy, K*, is easily 
obtained by heating spongy platinum, or still better, as I have 
found, finely divided platinum black, to low redness with twice 
its weight of dried ferrocyanido of potassium, and lixiviating with 
water ; or by dissolving protoohloride of platinum in hot solution 
of cyanide of potassium. It forms crystals, yellow and metallic 
by transmitted, blue by reflected light. By the action of this salt 
on protonitrato of mercury, a cobalt-blue preofpitato is formed, 
which, when heated in the fluid, becomes white, and is then 
pure platinooyanide of mercury, Cpy, Hga (P). This salt, acted 
on by sulphuretted hydrogen, yiolds the platinocyanio acid. 
A solution of platinocyanide of potassium acted on by chlorine, 
yields beautiful copper- like crystals of a new salt, which is either 

K 
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ft doable cyanide, 2 K Cy + Pt» Cys + 5 H 0 ; or the potassium 
salt of a new radical, Pta Cya, Ka -f 5 HO (Knop).< Recent 
researches have greatly increased the number of platinooyanides, 
and it appears that many of these are isomeric or polymeric with 
one another. 

The platinocyanides of barium, strontium, and calcium, are 
easily obtained by the action of platinocyanic acid on these bases, 
and crystallise readily with a beautiful greenish-yellow colour, or 
in some oases green and red with metallic lustre. 

IX. IurmooTANOGBsr. Cya Ir =s Ciy. 

This radical has not been isolated : it forms, with hydrogen, 
iridiocyanic acid Cys , Ir, Ha , which is obtained by the action of 
sulphuretted hydrogen on iridiocyanide of load Oyslr, Pba. 

Iridiocyanide of Potassium > Cya Ir, Ka, is obtained by the 
action of protochloride of iridium on cyanide of potassium. It forms 
colourless crystals ; its solution gives, with salts of peroxide of 
iron, a deep indigo colour. 

There appears to be a series of similar compounds formed by 
cyanide of palladium. The palladiocyanide of potassium corre- 
sponds to the platinoeyanidc, and its formula is Cya Pd, K. 

There is also reason to believe that manganese forms a 
manganocyanogen, corresponding to ferrideyanogen, Cya Mna = 
Cmy. The manganocyanido of potassium is probably Cyo Mna + 
K» = Cmy, Ka . 

From what has been stated in the preceding pages, it will bo 
seen that cyanogen has a very great tendency to form cyanides 
containing 2 or 3 metals, and likewise cyanides containing one of 
these metals and hydrogen in the place of the other. As these 
latter compounds are very powerful acids, we are naturally led to 
consider them as hydrogen acids, in which the hydrogen is com- 
bined wiih radicals. This view has been adoptod above, and wo 
have seen reason to admit tho following radicals ; — 

Hatinocyanogen Cpy zz Cya Pt 
Palladiocyanogen Cpdy = Cya Pd 
Forrocyanogon Cfy zz Cy3 Fe 
Iridioeyanogen Ciy =s Cys Ir 
Fenidcyanogen = Cfdy* = Cyo Fes 
CoDaltocyatiogen =s Cky rr Cyo Coa 
Chromocyanogen zz Cry zz Cyo Cra 
Manganocyanogen ss Cmy zz Cya Mna 

It will be observed that there are three different formula) among 
these radicals, namely, Cya M ; Cys M ; and Cys M»; the first 
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monobasic, the seoond bibasio, the third tribasic. No other view 
can at present bo given of these compounds, of their acids, and of 
their salts, which is at once so satisfactory, so consistent, and so 
advantageous for the learner, as being adapted to assist the 
memory. It is true that the aoids may bo viewed as compounds 
of cyanide of a metal with cyanide of hydrogen (hydrocyanic acid), 
and their salts as compounds of two metallic cyanides. Thus, 
forrocyanio acid, Cya Fe -f Ha , may be Baid to be 2 H Cy + Fe Cy, 
and ferrocyanide of potassium, 2 K Cy + Fe Cy. Again, f#*rid- 
cyanic acid may be 3 H Cy -f Fea Cys , and its potassium salt 
3 K Cy -f Fc# Cys : while platinocyanic acid and its potassium salt 
may be M Cy + Pt Cy and K Cy -j- Pt Cy. 

But the strong acid properties and harmless nature of these 
acids, and the remarkable parmanence, both of the acids and of the 
salts, are entirely inconsistent with the presence of so weak an 
acid and so frightful a poison as hydrocyanic acid, or of bodies so 
easily decomposed as hydrocyanic acid and cyanido of potassium. 
Besides, there are numerous double cyanides, such as K Cy, Zn Cy ; 
K Cy, Cd Cy ; K Cy, Cu 2 Cy, &o. &o., which act as such ; being easily 
decomposed, and exhibiting no indications of containing radicals 
like those above described. We shall therefore not dwell on any 
other view, and merely allude here to the true double cyanides, as 
belonging more to the history of the metals, and less to that of the 
organic radicals. 

It should here be mentioned, that the cubio copper-coloured 
crystals, found in the slag of iron furnaces, and regarded as motallio 
titanium, have been found by Wohler to be a compound of cyanide 
of titanium with nituret of titanium. 

PAUA.CY A NOGEN. 

As an appendix to the metallic cyanides, we may here mention 
this compound, which is left behind as a dark-brown powder, 
when cyanide of mercury is heated in a retort. As cyanogen and 
mercury alone are given off, we should expect the salt to he 
dissipated by heat entirely ; but this not being the case, it is 
evident that the residue, if it contain no mercury, must have tho 
same composition as cyanogen, and be, in short, an isomeric 
modification of it — a solid cyanogen. Again, when cyanido of 
silver is heated, it gives off part of its cyanogen ; it then glows, 
and, if soon removed from tho fire, yields a ^peculiar residue, 
which is only partly dissolved by nitric acid. The insoluble 
residue appears to contain silver and cyanogen in tho proportion 
of Ag Cya , and it is probablo that the cyanogen here is in the 
solid modification, of whioh 1 eq. is supposed to be formed by 3 e<j. 
of cyanogen. 

n 2 
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Whether, therefore, we admit paracyanogen as a separate 
radical or not, the two residues just mentioned contain carbon and 
nitrogen in the proportions to form cyanogen, It is also possible 
that some snob compound may exist in oast iron and steel, which 
appear to contain nitrogen as well as oaibon. 


CYANOGEN AND SULPHITE. 

X. Sulphocyakogen. Oy Sa s= Csy = 58. 

Syn. Bisulphuret of Cyanogen, — When ferrocyanide of potas- 
sium is heated with sulphur, there is formed a new salt, the 
formula of which is Cy S 3 -f K. This is sulphoeyanide of potassium, 
which appears to contain the radical Cy Sa, or Csy. We cannot 
say that this radical is known in the free state, but by the action 
of chlorine on sulphoeyanide of potassium there is formed a 
bright orange powder, which contains sulphocyanogcn, mixed 
with some other bodies. Like the preceding radicals, sulpho- 
cyanogen, with hydrogen, forms a peculiar acid, the sulphocyanio 
or hydrosulphocyanio acid. 

Hydrosulphocyanic Acid — Cy Sa , H = Csy H — is obtained by 
passing sulphuretted hydrogen gas through sulphoeyanide of lead, 
Csy, Pb, suspended in water. The solution thus formed is highly 
acid, and has the odour of acetic acid. It strikes a blood-red 
colour with salts of peroxide of iron, and this property is found 
in all soluble sulphocyanides. The formula of this acid corre- 
sponds to that of cyanic acid, Cy Oa , 11 ; and it may bo viewed 
as cyanic acid, the oxygen of which has been replaced by sulphiflr. 
With metallic oxides, it forms the sulphocyanides of the metals ; 
Cy Sa, H + M 0 = Cy Sa , M + II 0. 

Sulphoeyanide of Potassium — Cy Sa , K = Csy, 3v. — The best 
process for obtaining this salt is to melt at a gentlo heat (only 
raised at^Lhe end to low redness) 40 parts of dried ferrocyanide of 
potassium, 32 of sulphur, and 17 of pure carbonato of potash. 
The mass when cold is boiled with water, and the solution, 
being filtered and evaporated, deposits striated prismatic crystals 
of the salt, very similar in appearance, and in taste also, to 
nitre. 

If not quite pure, it is purified by solution in alcohol and 
recrystallisation. 4, In this process, the whole cyanogen of the 
ferrocyanide is first opn verted into oyanide of potassium, and then, 
by the taking up of sulphur, into sulphoeyanide ; while the iron 
is converted into sulphuret. As 1 eq. ferrocyanide contains 3 eq. 
of cyanogen and 2 of potassium, 1 eq. 6f carbonate of potash is 
added, and the 3 eq. of cyanide of potassium thus obtained take 



SU LPHOCY ANIDE OF TOTASSIUM. 101 

up 6 eq. of sulphur to form the new salt. 3 K Cy -f So =r 
3 (Cy Sa, K). 

Sulphocyauide of potassium causes precipitates in some metallic 
solutions, but as many metallic sulphocyanides are soluble, the 
groater number of metals are not precipitated by this salt. With 
salts of peroxide of iron it strikes an intense blood-red colour, 
but causes no precipitate. With acetate of lead it gives yellow 
crystals, with subacotate a white precipitate, and with salts of 
suboxide of copper also an insoluble white subsulphocyantfCTe of 
copper. Sulphocyanide of silver is precipitated as a curdy white 
solid, when sulphocyanide of potassium is added to nitrate of 
silver. The other sulphocyanides are soluble. 

When sulphocyanic acid is set free from its salts, by diluted 
acids, and exposed to heat, it is resolved, with the aid of the 
dements of water, into carbonic acid, bisulphuret of carbon, and 

ammonia. C a N S 2 , H -f- II 2 O a = q q* j -f N Ha . Compare this 
with the spontaneous decomposition of cyanic acid when set free 
from its salts: Ca N Oa, H + Ha Oa = q q* j + N Ha. This 

shows that the view which considers sulphooyanic acid as cyanic 
acid the oxygen of which has been replaced by sulphur, is con- 
firmed by the similarity in the decomposition of these two acids ; 
which, in this point of view, may be said to belong to tho same 
type. 

When sulphooyanide of potassium is mixed with 6 or 8 volumes 
of strong hydrochloric acid, hydrocyanic acid is given off, and a 
new crystalline acid is deposited, whioh contains more sulphur, 
and may be called (hydro) porsulphocyanic acid. 3 (Cy S2 , H), 
that is, 3 eq. of sulphooyanic acid lo.se Cy If, 1 eq. of hydrocyanic 
acid, and there remain 2 eq. of the compound Cy S3 , H, or per- 
sulphocyanic acid. The formula of its salts is Cy S3 , M. When 
the acid is dissolved in ammonia, it soon deposits sulpnur, and 
the liquid retains *a new compound Cya Ss , Ha (= 2 Cy Sa , H — S) 
combined with ammonia: on adding an acid, persulphocyanic 
acid is reproduced and deposited, while sulphocyanic acid remains 

in the solution : Cy. S. , H. = j g g 

When solution of sulphocyanide of potassium is acted on by 
chlorine, or by nitric acid, a bright orange-yellow powder is 
deposited, which was long supposed to be a sulphooyanogcn : but 
it now appears to be a compound or mixture of sulphocyanogcn, 
sulphocyanio acid, and water, in the proportions 3 Cy Sa + Cy 8s, 
n + H 0 as C« N* + (0* TX S a , H) + H 0= C 8 N* S» H* 0. 
This yellow compound undergoes a very remarkable change 
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when heated: it gives off bisulphuret of carbon, sulphur, and a 
little persulphocyarrio acid, and there is left in the retort a grayish- 
yellow powder, containing no sulphur, oxygen, nor hydrogen, 
and not decomposed by a low red heat. By a strong red heat 
it is dissipated, yielding a mixture of 3 vol. cyanogen to 1 vol. 
nitrogen. 

This residue is the substance already alluded to as crude or 
impure mcllonc. Being impure its composition cannot be expressed 
by ^formula. Mellone, which is a new radical, will bo presently 
considered as such. 

If tho orange-yellow compound which yields it bo thrown into 
melted sulphocyanide of potassium, the mellono actually seizes the 
potassium, expelling the sulphocyanogen, which is resolved into 
bisulphuret of carbon, sulphur, cyanogen, and nitrogen, all of 
which escape with effervescence. This is because mellone is not 
only a powerful radical, but also capable of resisting a strong heat. 

XI. Mklionk, Me = Cia Nn = CyoN*=: 290. 

This radical is not fully known, not having been obtained in a 
state of purity. We have already considered it as a compound of 
cyanogen with nitrogen, and explained the facts which lead to the 
adoption of the very strange formula now found to belong to it. 
There is reason to believe that mellone is a solid, capable of resist- 
ing a pretty high temperature, hut ultimately dissipated in the 
forms of cyanogen and nitrogen gases. It seems to be present in 
the residue left when sulphocyanogen, or the yellow body so called, 
is heated nearly to redness, and the residue obtained by heating 
the sulphocyanido of ammonium was supposed to be mellone pure, 
or nearly so. But this docs not appear to be the case, although 
mellone is probably present in this residue as well as in that pre- 
viously mentioned. 

But tl^e compounds of mellone are bettor known : 

Hydromellonic Acid— Me IIs^Cis Nia , Hs. — This acid is 
obtained in solution by decomposing a solution of mcllonide of 
mercury in dilute hydrocyanic acid by sulphuretted hydrogen. 
The solution of the acid tastes sour, and decomposes tho car- 
bonates. With* potash it forms mellonide of potassium. When 
evaporated to dryness, even in vacuo, the aoid is in great part 
decomposed, and a residue is left, which is nearly insoluble, but 
still oontains a little of the acid. 

This acid is tribasio, forming with potash three salts, Me , or 

mcllonide of .potassium ; Me ^ | or soluble acid mellonide, and 
Me g* | or insoluble acid mellonide. 
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Melhnide of Potassium — Me Ks =Ci8 Nia K3 . — This salt may- 
be obtained by fusing sulphur with ferrocyanide of potassium, 
when it is produced along with the sulphocyanide ; or by fusing 
the sulphocyanide with the chlorides of antimony or bismuth, or 
with nielam, or with the residue left when inelarn is heated, that 
is, crude mcllone. The changes are not fully understood, but 
bisulphuret of carbon is expelled, and the residue boiled with 
water, yields the mellonide, which is deposited on cooling in the 
form of very slender acicular orystals, interwoven into a like 
those of sulphate of quinine. This is mellonide of potassium with 
10 eq. of water of crystallisation Mo K 3 -f- 10 aq. It formerly 
occurred to Liebig (to whom we are indebted for our knowledge of 
its composition and properties, though Gmclin first observed it,) 
with 5 eq. of water, but in all his later researches it has crystallised 
with 10 eq. It is very soluble in hot water, less so iu cold water, 
insoluble in alcohol. With hydrochloric acid it yields the insoluble 

acid mellonide, Me j , and with acctio acid the soluble aoid 
salt Me jj 2 | -f G aq. 

A boiling solution of the mellonide, mixed with nitrate of 
silver, gives a white precipitate of mellonide of silver, Me Aga . 
With corrosive sublimato it yields insoluble mellonide of mercury 
Me IJga , and with a, salt of lead it yields insoluble mellonide 
of lead Me, Pbs . 

When boiled with caustic potash in excess, mellonide of potas- 
sium is decomposed, ammonia is given off, and a now acid, 
oyaineluric acid, is formed. At this period the liquid, on the 
addition of sal ammoniac, yields a precipitate of ammelide, but if 
longer boiled, the ammelide disappears, and the addition of acetic 
acid separates another new acid, melanurio acid. If the boiling 
be still further continued, ammonia is continually given off, and 
aoetic acid at last causes a precipitate of acid eyanuratc^of potash. 
The ultimate products of this reaction are therefore ammonia, 
ammonia and cyanurio acid. The relation of the intermediate 
products to this one are easily explained. 

Cyameluric acid is Cia N7 Oq , H 3 , and its potash salt is Cia Nr 
Oa , K 3 * Melanurio acid is Cia II 8 N 8 0 8 . 

2 eq. of mellonide of potassium with 18 eq. of water yield 
2 eq. of cyamel urate of potash, 1 eq. of ammelide, Cia Ho Oc , 
and 3 eq. of ammonia. 

Ammelide, by taking up 2 eq. of water, and losing 1 eq. of 
ammonia, is converted into melanurio aoid, and 1 eq. of this acid* 
with 4 eq. of water, is resolved into 2 eq. of cyanurio acid and 
2 eq. of ammonia. 



104 


MELAMINE, AMMELINE. 


PRODUCTS OP THE DISTILLATION OP SULPHOCYANIDE OP 
AMMONIUM, 

As an Appendix to sulphocyahogen and its derivative mellone, 
we may consider the remarkable results of tho action of heat on 
sulphocyanido of ammonium, N H* , Ca N Sa . 

When this salt is heated, bisulphuret of carbon, ammonia, and 
sulphuretted hydrogen are expelled, and a grayish residue is left, 
whicn # Liebig calls melam. Its formula is Cia Nu Ho , and it gives 
rise to a series of compounds, which arc curiously related together, 
and which are also related to those we have just mentioned. 

When boiled with sulphuric acid, it yields ammonia and 
cyanurio acid. Taking up 12 eq. of water, it produces 2 eq. of 
cyanurio acid and 5 cq. of ammonia. 

When melam is acted on by boiling with potash, a series of new 
compounds is obtained. The first is melamine, which is deposited 
in crystals when the alkalino solution cools. Melamine contains 
no oxygen, hut is an artificial organic base, neutralising acids, and 
forming salts. Its formula is Ca No Ho= Ca N* + Na Ho; that 
is, it contains the elements of 1 eq. mellone, and 2 eq. ammonia. 

The second new body is obtained as a white powder, when the 
alkaline solution which has deposited melamine, is supersaturated 
with acetic acid. It is called ammeline, and is also a base, although 
weaker than melamine. Its formula is Co Na Hs Oa z= Ca N* + N Ha 
•f 2 H 0, or 1 eq. mellone, 1 eq. ammonia, and 2 eq. water. It 
forms a crystallisable salt, with nitric acid. 

It may here be observed, that melam, Cia Nu He, with 2 eq. 
water, Ha Oa , contains the elements of 1 eq. melamine, Ca Na Ha , 
and 1 eq. ammeline, CeNaHaOa . 

When either melamine or ammeline is dissolved in strong sul- 
phuric acid, or melam in nitrio acid, and the solution mixed first 
with two jfol. of water, and then with four of alcohol, a whito 
powder is obtained, resembling ammeline, but having the formula 
Cia No H»0« = 2 Co N* + N Ha -f- 6 H 0, or 2 eq. mellone, 1 eq. 
ammonia, and 6 eq. water. It is called ammelidc, and has rather 
the characters of an aoid than of a base. 

Melamine, by the action of hydrochloric aoid, aided by heat, 
is transformed into ammeline, giving off ammonia, while water 
is taken up. Ca Na Ha + Ha Oa as Ca Na Hs Oa , and Ca Ne Hs 
Oa — N Hs = Co Na Hs Oa . 

Melam, also, when treated in the same way, yields ammeline 
and ammonia. Cia Nu Ho+ Ha 0* = Cia Nu Hi» Oa; and 
Cia Nu His 0* — N Ha = Cia Nio Hio 04= 2 (Ca No Ha Oa). 

All these substances may be resolved, by the action of acids 
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into oyanurio acid and ammonia. It appears that they are all, 
that is — melam, melamine, and ammeline, first converted into 
ammelide, and that ammelide is the source of the cyanurio acid 
and ammonia. 

It is obvious that they are all closely related to each other, 
and to cyanurio acid. That they are also related to mellone is 
probable, because when heated they leave a yellow residue, 
whioh is converted by a stronger heat into cyanogen and/iitro- 
gen ; which, in short, is mellone. All these compounds qp^y be 
represented as tribasio cyanurate of ammonia, minus water, or 
water and ammonia. Thus, 


1 cq. anhydrous cyanurate of ammonia, Cys O 3 , 3 N ILm Co No H 9 O 3 
Minus 3 eq. water = Ha 0:» 


Yields 1 eq. melamine 
1 eq. anliydrouH cyanurate of ammonia 
Minus 1 oq. water =HO 


1 eq. ammonia = Hs N 


} N 


H* 0 


rr Co No Ho 
rr Co No H0O3 

= N H *0 


Yields 1 eq. ammeline . 

2 eq. anhydrous cyanurate of ammonia 
Minus 1 eq. ammonia = NHs 1 
,, 6 eq. water = H 0 O 0 / 


zz Co Ns He Oa 
:zz Cia Nia His Oo 
= N IL Oo 


Yields 1 eq. melam 

2 eq. anhydrous cyanurate of ammonia 
Minus 3 eq. ammonia , . 

Yields I eq. ammelide 


= O12 Nil H» 

* C.2 Nia His Oo 

= Nn Ha 

= Cia N» Ho Oo 


When the mass remaining in tho retort when urea is heated, 
and formerly believed to be oyanurio acid or cyanurate of 
ammonia, is acted on by acids, it yields cyanurio acid, and 
ammonia is found in the solution; but if it be bailed with 
water, an insoluble snow-white powder is obtained, which agrees 
with ammelide in almost all its properties. Its formula, how- 
ever, is Cia Ns IIs Os , and it may also be derived from cyanurate 
of ammonia, as follows : — 


1 eq. anhydrous tribasic cyanurate of ammonia, 1 
Cy» 0 », 3 N Hs f 

Minus 2 eq. ammonia .... 


= CoNoHoOs 
= N* Ho 


and Oo N+ Ha Osi 

Hus 1 eq, water = H 0 

Yields 1 eq. of the pew product from urea sr Co N* H4O4 
Or, Cit NtQaOs. 
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This product) therefore, is intermediate between ammelide and 
cyanurio acid. It is now called melanurio acid. 

To be transformed into hydrated cyanurio acid, it has only to 
lose 1 eq. ammonia, and to gain 2 eq. water. Its formation from 
urea is very easily understood ; for 4 eq. urea, minus 2 eq. car- 
bonic aoid and 4 eq, ammonia, will give this compound : — 

C* Ns Hi« Os 
Ca N* H)3 04 

Co N* H* Oa 

In order to render still more obvious the relation of these 
compounds, melam excepted, to cyanurio acid and among each 
other, let us express tho hypothetical compound N II by M.a, M, 
therefore, standing for £ eq. N H. We then have — 


4 eq. urea . . * 

Muius 2 eq. carbonic add Ca O 4 
,, 4 eq. ammonia 

1 eq. of tho new compound 


N 4 Hia 


Cyanurio acid, C« Ns II 3 Oo 

. . . =Cys 

Oo + Hs 

Melamine, Co No Ho . 

. , . = Cya 

Ms + Hs 

Ammeline, CeNsHoOa 

. . . =Cys* 

{£ + * 

Ammelide, CoN* 4 H* 4 Os 

cc 

$ 

11 

{£ + * 

Melanurio acid* Co N* II * 0 * 

. . . = Cya 

{?.♦* 

Cyanurio acid . • . 

. . . = Cys 

Oo + Ha* 


Hero we see the change in properties accompanying the 
gradual substitution of M for 0. At one end of the series is 
melamine, a base, containing no oxygen ; at the other, cyanurio 
acid, a highly oxygenised acid : while ammelino is a weak base, 
and tho remaining ones are neutral, or have gradually increasing 
acid propAties. 

Cyameluric aoid, already mentioned, is related to the com- 
pounds here described. Its formula, Cia JNT 7 Oo H» , differs from 
that of melanurio acid, by containing X eq. of ammonia and 2 
eq. of water less; and like the other compounds when boiled 
with acids, it yields ammonia and cyanurio acid, the elements of 
wator contributing to the change. 

If a compound bo supposed, in the preceding table, between 
melanurio and cyanurio acids, its composition referred to 12 eq. 


* In this table some of the formulas are only half of what we have previously 
given, hut tt is only intended to show the relations among these compounds, not 
their exact equivalents. 
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of carbon, would be On N 7 H 7 Oi 0) winch is cyamolurio acid**- 
4 eq. of water. This acid, however, has not been shown to be 
formed from melam when boiled with acids, hut is produced, as 
already mentioned, when melamide of potassium is boiled with 
excess of potash, a process in which ammelide and melanuric 
acid are also formed. There can be no doubt, therefore, that 
cyameluric acid belongs to this remarkable scries of compounds, 
which are basic, neutral or acid, are all derived from melione or 
melam, and all, when boiled with acids, yield cyanurio aeid and 
ammonia. 

lk'foro quitting these compounds, it is proper to point out that 
as sulphocyanic acid corresponds to cyanic acid, sulphur being 
substituted for oxygen, so sulphocyanide of ammonium corre- 
sponds precisely in tho same way to urea ; for urea is C a N a ILO a , 
and sulphocyanide of ammonium is (see above) C9N9IUS9. That 
this analogy is not imaginary we have seen in the similarity of 
the action of heat on both. 

• = Cb N» H 10 Oa 
. rr Ca N* Ilia 0* 

. ==: C«N* Ii* 0* 
. zzCsNsHieS* 

zr Ca N* U12 S* 
. = Co N* q- H* Si 

The analogy only fails in this, that the bisulphuret of carbon 
and ammonia, instead of uniting to form one compound, are 
resolved into several, among which arc sulphuretted hydrogen, 
and a solid substance, probably containing melione. 

When impure or crude melione is boiled with nitric acid a new 
acid is formed crystallising in octahedrons, widely when re- 
dissolvcd in water, form pearly scales. Liebig, who alone has 
studied it, found its formula and ail its reactions exactly like 
those of cyanurio acid, and called it cyanilic acid : 1 eq. mellono 
and 6 eq. water Ca N* + Ha Oa, are equal to 1 eq. cyanilic (or 
cyanuric) acid, and 1 eq. ammonia ( Co 0 6 If 3 ) -f N Ha . 
Further experiments are required to establish oyanilio acid as an 
independent acid, 

Sulphomellone. Ilydrosulphomellonic acid. 

According to tho researches of Jamieson, the orange-yellow 
powder, commonly called sulphocyanogen, and whioh, at p. 100, is 


In the case of urea, 4 eq. 

yield 2 eq. carbonic acid, Ci 0* 1 

and 4 eq. ammonia, N+II 12 J 

Leaving 1 eq. of melanuric acid 
In the case of sulphocyanide of ammonia, 4 eq. 
yield 2 eq. bisulphuret of carbon, Cairn 
and 4 eq. ammonia, Ni Ilia 

Leaving 
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said to contain 3 eq. of bisulphuret of cyanogen, 1 eq. of hydro- 
aulphocyanic acid, and 1 eq. water, really consists of the elements 
of 1 eq. of each of these three substances, Cy Sa + Cy Sa , H 
+ H 0 = C* Na H a 0 84, how arranged we know not. 

When dissolved to saturation in hydrosulphuret of sulphuret 
of potassium, K S, H S, the elements of 4 eq. sulphocyanogen, 
4 Cy S a = C» N* 8s , along with 4 eq. of K S, H S, give rise to 
7 eq. sulphuretted hydrogen, 7 H 8; 1 eq. pentasulphuret of 
potassium K So; 2 eq. carbonate of potash, 2 (KO, C O2) and 
1 eq. sulphomollonide of potassium, Ca N* I h S 4 , K. 

When this salt is decomposed by an acid, as hydrochloric acid, 
a simple exchange takes place. Co N* Hs S* K + II Cl = K Cl 
+ Co N* H»i B*' y H. The latter formula represents the hydrosul- 
phomellonic acid, which is a sparingly soluble white crystallino 
powder. It combines readily with the alkalies, and decomposes 
the carbonates of the alkaline earths when boiled with them. 
All the sulphomellonides of the metals of the alkalies and alkaline 
earths are soluble and crystallise beautifully. The general 
formula for the anhydrous salts is C« N* Ha S4 M ; but the crys- 
tallised salts contain from 2 to 0 eq. of water besides. The 
silver salt is anhydrous. The supposed radical of this acid, 
and of its salts, is not yet known in a separate state ; but when 
the sulphomellonide of potassium is acted on by chlorine, there is 
separated a white powder, which seems to be sulphomellone, 
although Jamieson has not yet been able to ascertain that point. 
But the acid and its salts aro rendered very simple by assuming 
the existence of this radical, which agrees with all the facts yet 
known, and makes the sulphomellonides analogous in composition, 
as they are in their relations, in their origin, and in their pro- 
perties, to chlorides, bromides, iodides, fluorides, cyanides, and 
mellonides. 

Having } qpw concluded our Bkotch of the compounds derived 
from that of sulphur and cyanogen, it only remains to mention, 
that cyanogen forms one or two compounds with sulphuretted 
hydrogen, and that sulphocyanic aoid forms a compound with the 
same gas. These compounds, however, are as yet too little 
known to permit of their being clearly laid down. 

Cyanogen does not form any compound of importance with 
phosphorus or the remaining metalloids. But there is a very 
interesting and important series of compounds, in which we may 
conceive, with some probability, a radical to exist formed of the 
elements of cyanogen and those of oxalyle or carbonio oxide, 
C* Oa . This is the series of compounds derived from uric acid, 
and consequently closely connected with urea, which we have 
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seen to be derived from cyanate of ammonia, and, through oyanic 
acid, from oyanurio acid, which oonueots it again with mellone, 
melara, and sulphoeyanogen. 

We shall first briefly describe the urio acid itself, as the 
starting-point of an extensive series of products. The radical 
supposed to exist in these compounds will bo better understood if 
described after we have become acquainted with them. 

CYANOGEN WITH CARBONIC OXIDE. 

XII. Ukylb. 

1. Urio Acid, Cio NalDOonCio N* Eh Os -f-H 0. 

Or Cio N* Ha 0* 2 H 0 ; or Cs N a H 0* , HO (Uensch). 

Syn. TJrilic Acid . — Lithic Acid . — Occurs in small quantity in 
the healthy urine’ of man and quadrupeds, and in much larger 
quantity in the urine of birds, whether carnivorous or herbi- 
vorous, as in tho pigeon and hawk tribes. In tho urine of birds 
it forms tho white part, in the form of urate of ammonia, and it 
is still found as such in guano — a substance produced by tho 
long-continued action of tho air on the urine (or excrement, for 
they are voided together) of sea-fowl. The only excrement of 
serpents, as, for example, of the boa-constrictor, is a white semi- 
solid mass, which soon dries, and is pure acid urate of ammonia. 
In serpents, which are all carnivorous, it is very remarkable that 
the whole excreta (except occasionally hair and feathers, which 
pass undigested,) should take tho form of urate of ammonia. In 
diseased urine, uric acid is often deposited on cooling, and gene- 
rally of a reddish oolour ; it also constitutes the most frequent 
form of gravel and of calculus, when deposited witliin the bladder. 
Acid urate of soda is found in the chalk-stones of gouty patients; 
and it is well known that gout is a disease closely allied to 
calculus of this kind. 

It is best obtained from the excrement (or urine) of the boa, 
which is powdered, and dissolved in 40 parts of boiling water 
by the gradual addition of caustic potash, till tho liquid is 
decidedly alkaline. The urio acid forms urate of potash, which 
dissolves, while tho ammonia escapes. The hot liquid, being 
filtered to separate impurities (and with the above proportion of 
water it filters rapidly, while with less it crystallises on tho filter 
and ohokes it up), is mixed with a deoided exoess of hydrochloric 
acid, when the urio acid is set free, and being insoluble, is 
deposited, at first, as a very bulky gelatinous hydrate, which in 
a few moments spontaneously loses water and shrinks into a 
crystalline heavy precipitate. This is well washed with cold 
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water and dried in the air, when it forms a shining powder, 
composed of distinct but minute crystals. If made from a cold 
saturated solution of urate of potash, the crystals are much larger, 
hut oontain 17*5 per cent, of water ; in this case 4 eq. of water 
are expelled at 212°, leaving the same substance as that pre- 
cipitated from a hot solution, which, whon dried in the air, 
loses no weight at 212°. The latter is Cio N* IB* Oo -f- H 0 
=s Ur + H 0 ; the large crystals are hydrate, Ur, H 0 -j- 
4 aq^ • 

If pure white fragments of the urine of the boa have been used, 
the above simple process yields uric aoid chemically pure, even 
when the solution in potash has had a decided yellow colour. 
This uric acid is snow-white, and is entirely dissipated by heat, 
leaving no trace of ashes. But if the boa’s urine have been 
impure, or if calculi have been employed to yield urio acid, in 
both of which eases the alkaline solution is brown, often very 
dark, and yields a coloured uric aoid, or again if wc wish to 
extract urio acid from guano, we must first purify the urate of 
potash by evaporating the alkaline solution till it crystallises in a 
mass, or passing carbonic aoid through it to neutralise the free 
potash, when the acid urate of potash is deposited, and is washed 
on a filter with cold water, in which it is very sparingly soluble, 
till it is quite white. It is then dissolved in boiling water, and 
decomposed by hydrochloric acid as before. I have described 
thus minutely the preparation of pure and oolourloss uric acid, 
because none of the very interesting products derived from it can 
be obtained if wo employ urio acid with even a very slight tinge 
of colour. The presenoe of a mere trace of the colouring matter 
of urine I have found to exert a most remarkable influence on the 
oxidation of urio acid by nitric acid, an influence which I can 
only compare to that of a ferment in causing a peculiar decomposi- 
tion to take place. 

Urio acfll requires 15,000 parts of cold and nearly 2000 of hot 
water for solution, and its solution reddens litmus. It forms salts 
with bases, especially with the alkalies and alkaline earths, all of 
which are insoluble or sparingly soluble. 

The salts of urio acid have beon lately examined by Bensch, 
according to whom the common urates are acid salts, while the 
eq. of the acid is only half that above given, or C 5 H* 0» = 
C® N a H Oa + H O. The neutral salts are C » N fl HO a -f M O, 
and the aoid salts are C 8 H Oj , M 0 -f C» N* H 0 3 , H 0. 
Bensoh has obtained the neutral salts of potash and soda, which 
are much more soluble than the well-known urates of these bases, 
acid urates, according to Bensoh. The neutral urate of potash 
dissolves in 35 parts of hot water, is alkaline, and is converted 
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into the acid salt, both by water and carbonic acid. The acid 
salt requires 85 parts of boiling water for solution. The urates 
of soda are less soluble, and the acid urate of ammonia, the only 
salt formed with this base, dissolves in about 1600 parts of water 
at 60°, and 240 parts at 212°. 

The only other urates hitherto examined by Bensch are the 
acid salts of magnesia, lime, baryta, strontia, load, and copper. 
It would appear that, adopting his formula, the uric acid has a 
most remarkable tendency to form acid salts, and as it aj^ears 
also to form double salts, it is not easy to see why lie halves the 
formula of Liebig for the hydrated acid ; since the above characters 
are those which distinguish bibasio acids, and it would appear 
more consistent witli the newly observed relations of the acid, to 
express the formula of Liebig, Cio NiILOe = Ci 0 N4H5O5 -f HO 
by the following bibasio form C 10 N + n a O* -f 2 II 0 than by the 
monobasic form 2 (C 8 Na H Oa, II 0). If we adopt the bibasio 
formula, then tho general formulae for the neutral and acid salts, 
as abovo given by Bensch, will become, respectively, C10N4II2O* 

+ 2MO, and CioN 4 H a O* + 3 o } • 

PRODUCTS OF THE OXIDATION OF URIC ACTD. 

Uric acid is very permanent under ordinary circumstances, but 
is readily oxidised by powerful oxidising agents, such as peroxide 
of lead, peroxide of manganese, permanganate of potash, and 
nitric acid. 

1. Oxidation of uric acid by peroxide of lead . — If uric acid be 
mixed with twenty parts of boiling water, and peroxide of lead 
added in small portions to the liquid kept boiling, the brown 
colour of tho oxide disappears, and a heavy white powder is 
formed. When we have added about two parts of the oxide for 
one of uric acid, or, at all events, when the oxide begfhs not to 
lose its brown colour, the hot liquid is to be filtered, and on oooling 
it deposits a number of hard brilliant white crystals, of which 
more are obtained on evaporation. The mother liquid at last 
crystallises in a mass of very soluble prismatic crystals. These 
last are pure urea : tho first crystals are Allantoine, and tho 
powder is oxalate of lead, mixed with a little carbonate, and with 
the excess of peroxide. Hence the products of this oxidation are, 
Urea, Allantoine, and Oxalic Acid. After describing allantoine, 
we shall be able to explain the reaction. 

! Allantoine . — C* N a II3 0 8 . — S TN. Allantoic Acid .— This body 
was first observed in the allantoic fluid of the foatal calf, whioh is, 
in fact, the urine of the fcetal animal. When this fluid is evapo- 



IU AI/LAtfTOltfE. 

rated, it deposits crystals of allantoine, formerly called allantoic 
acid, which, however, is not an acid. Its occurrence in the allan- 
toic fluid— that is, as an ingredient in urine^ and its artificial 
production from uric acid by a process of oxidation, are facts of 
very great interest when viewed in connection. It is best obtained 
from uric acid, as above described, or, as Wohler has recently 
shown, from the urine of calves by evaporation, when it crystallises 
out. It is a very indifferent, or neutral substance, and forms few 
confounds ; only one, with oxide of silver, has been described, the 
formula of which is N* II» O* -f Ag 0 = 2 cq. allantoine, minus 
1 eq. water, and plus 1 cq. oxide of silver. 

When boiled w r ith alkalies, it is resolved into ammonia w T hich 
escapes, and oxalic acid which combines with the alkali. In 
fact, both allantoine, C4N2 + II3O3, and oxalate of ammonia, 
fa 0 3 -f !N H. v O may be represented as formed of cyanogen and 
water, and it is obvious that the addition of 3 eq. of water to 
1 eq. of allantoine gives oxalate of ammonia, for C 4 N a + lf fj O 0 
= 2 (Ca 0 3 + IN’ H 3 )• 

We oau now explain the formation of allantoine. 

1 oq. uric acid ....... 

Plus 2 eq. oxygen (from 2 cq. Pb O a ) = O.. \ 

and '6 cq. water . . lt 3 0 ; , J J 

Together 

Arc equal to 1 eq. urea 

2 eq. oxalic acid ..... 

1 cq. allantoine .... 

Together 

Or, in the form of an equation, 

CioN*H*0« + Ot-t- Ha O a = C 2 Na II* 0* -f 2C« 0 3 + 0,N 2 H 3 0 3 . 

That a^antoinc is closely related to uric acid and urea, further 
appears from the fact that 1 eq. uric acid, 1 eq. urea, and 1 eq. 
water, added together, aro exactly equal to the sum of 3 eq. 
allantoine. Cm, N* H* 0« + C a N a H* 0 2 + II O == (! VJ N 0 ][ u O t , 
= 3 (C*N,H s (Jj). 

2. Oxidation of uric acid by peroxide of manganese . — This is 
performed much as the preceding, and there appear to he pro- 
duced compounds, partly the same as those from peroxide of 
lead, partly different. Of the latter, ono at least is erystallisable, 
but lias not been sufficiently examined. The subject requires 
investigation. 

3 . By permanganate of potash . — In this oxidation also, some 
products appear, which arc obtained by peroxide of lead, such as 


m Cm N 1 Hi. 0»’. 

— II s Or. 

cr.C)o N, IT; On 

= c\ A r ..li»Oa 

^ 0 * Oti 

= C,. Na Hs Oa 
zzz C10 N+ 11 7 On 
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urea ; and, in some forms of the: experiment at all events, oxalic 
acid ; but I have also obs&rved the formation of a new acid, con- 
taining nitrogen, the precise nature and composition of vhiclx is 
not yet ascertained. 

4. By nitric arid . — This mode of oxidation of uric acid has 
been minutely studied by Liebig and Wohler, and they hayo 
shown that it yields a very large number of new and important 
products, among which is again found urea, and also, under certain 
circumstances, oxalic acid. The changes are best traced* Aon 
colourless nitric acid of a considerable concentration, of Sp. G. 1*45 
for example, is employed. 

1. Alloxan , — When uric acid is added, in small portions, to 
this acid, it is dissolved with a gentle and uniform effervescence, 
duo to the escape of pure carbonic acid and nitrogen gases, with- 
out any trace of the rod vapours of nitrous acid. Heat is also 
developed, so that no external heat is required, and it may even 
be necessary to moderate the reaction by placing tlie vessel in 
cold water. If too much uric acid be added at once, or if tlie 
mixture be allowed to get too hot, a violent reaction ensues, 
accompanied by copious rod fumes, after which the experiment 
cannot suecc ed, and must be recommenced with fresh materials. 
The presence of a trace of the colouring matte r of the urine 
infallibly causes this violent reaction, even with a much weaker 
nitric acid, and thus prevents us from obtaining the desired 
result, even to a small extent. In all these eases, the whole 
seems to be converted into oxalate and carbonate of ammonia. 
When the operation is properly managed, and a little practice 
makes it quite easy, there appear in the warm liquid, after a 
certain quantity of uric acid has been dissolved, granular crystals 
of the new compound, alloxan. If more uric acid bo added, it is 
still decomposed, and when the warm liquid (at about 120°) con- 
tains a great many crystals, it is allowed to cool, when $ie quan- 
tity of crystals greatly increases. They are now thrown on a 
filter stopped with asbestus, and when they have drained, the 
acid liquor still in their pores is displaced by a little ice-cold 
water, which is added till the droppings have only a slight acid 
taste. The crystals are now dissolved on the funnel with water 
at 120°, and the filtered solution evaporated at that or even a 
lower temperature, till, on being set aside, it deposits large trans- 
parent crystals of hydrated alloxan, which are chemically pure. 
The mother liquid of these crystals, being gently evaporated, 
yields more, and the final mother liquid, which is now rather 
acid, from nitric acid, is added to tlie original aoid mother liquor, 
to be used for other purposes. By the above process, I have 
constantly obtained, without difficulty, upwards of from 90 to 105 

I 
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pacts of hydrated alloxan, quite pure, from 100 of uric acid, 
besides what remains in the mother liquid, and cannot be 
extracted in that form. Not more than 2 oz, or 8 oz. of nitric 
acid should be used in one operation, and this quantity will 
decompose about one-third of its weight of uric acid, or more. 

The crystals of hydrated alloxan, when heated to 212°, lose 
about 27 per cent, of water, = 6 eq. The dry or anhydrous 
alloxan, which may also be obtained in crystals when a saturated 
soltflhfn is evaporated in a warm place, is composed of Os Na 
H* Oxo, which explains its formation from uric acid ; for CioN* 
JJ 4 Oo -f* Oa -f- II 4 0*= C» N* II 4 . Ola C'i N 2 II 4 Oat that is, 
uric acid plus 2 eq. oxygon and 4 cq. water, yields 1 eq. alloxan 
and 1 eq. urea. 

The urea, when formed, is in contact with hyponitrous acid 
(derived from nitric acid by the separation of 2 eq. oxygen,), and 
is immediately decomposed by it, yielding oxide of ammonium, 
which combines with some free nitric acid, carbonio acid, and 
nitrogen, which two last escape as gases. C 2 N 2 H* O a 4-N0 3 
= N 11* , 0 + 2 C 0* + Na . At the end of the operation, there- 
fore, the acid liquid, which has deposited crystals of alloxan, 
contains nothing hut alloxan, nitrate of ammonia, and free nitric 
acid. We may therefore express the final result as follows : 
C 10 N* H* 0 6 4* 2 (HO,NO s ) + 2 H 0 = C 8 Na H* On, + 
(NH* 0, NO*) + 2 CO. + N*. 

Alloxan is very soluble in water, also in alcohol. Its solution 
stains the skin pink, and gives to it a heavy sickly odour. Its 
taste is peculiar and almost acidulous ; but, although it reddens 
litmus, it has not the chemical characters of an acid. It is a 
very remarkable substance from the numerous transformations 
which it undergoes, when subjected to the action of different 
re-agents. 

By th%aetion of soluble fixed alkalies, it is converted into a 
powerful acid, albxanic acid : by the action of ammonia it yields 
another acid, mykomelinic acid ; boiled with peroxide of lead, it 
i$ converted into urea and carbonic acid : by boiling with nitrio 
acid it is changed into a new and powerful acid, parabanic acid ; 
by the action of Sulphuretted hydrogen and other deoxidising 
Ogenjbs, it yields a new compound, alloxantins ; with hydrosul- 
phuret of ammonia it gives a new salt called dialuratc of ammonia ; 
pitn, sulphurous acid it combines, forming a compound acid; 
alloxano?8ulphurou8 acid : and with sulphite of ammonia it forms 
another hew salt called thionurate of ammonia . Such are the 
compounds formed by the direot action of re-agents on alloxan ; 
but many others are produced by the action of re-agents on these 
singly or jointly. Thus, when alloxan and alloxantin© are both 
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present in a hot solution, ammonia causes the development of a 
deep purple colour, and the deposition, on cooling, of the gold 
green crystals of murexide ; acids acting on thionurato of ammonia 
produce thionuric acid , uramile and uramiltc acid ; acids acting 
on murexido produce murexan ; acids aoting on dialurate of 
ammonia separate dialuric acid ; ammonia, acting on parabanio 
acid, converts it into a new acid, oxaluric acid ; and by the action 
of heat on alloxanate of baryta, another new acid, mesoxalic acid, 
is produced. Alloxanic acid, when heated, yields leucoturic tteid 
and dijinan ; and allox anti ne when boiled with hydrochloric acid 
yields alitnric and dilituric acids . We shall endeavour briefly 
to trace the formation and the relations of these remarkable 
products. 

2. Alloxanic Acid . — Tts formula C 8 N 2 Ha 0 8 + 2 H 0. It is 
therefore isomerio with alloxan, and differs from it in this, that 
2 eq. water have become basio, and replaceable by metallic oxides. 
It is a bibasie acid. It is formed when solution of alloxan is 
mixed with barytio water, as long as the white precipitate first 
formed rcdissolvos with a gentle heat. When it begins to be 
permanent, a drop or two of alloxan is added to clear all up; 
and on cooling, alloxanate of baryta is deposited in small white 
crystals. From this salt the aoid is obtained by adding sulphuric 
aoid, so as to separate all the baryta. The acid solution on 
evaporating yields crystals of alloxanic acid. The acid, when 
neutralised by ammonia, forms, with nitrate of silver, a white 
precipitate, which, when boiled, becomes yellow, and is reduced 
with effervescence. Whon the solutions of its salts, with baryta, 
lime, and strontia, are boilod, they become turbid, depositing 
carbonates, while urea and a mesoxalate remain dissolved. The 
formula of tho noutral alloxanates is C 8 Na 11^ 0 8 , 2 M 0 + aq. ; 

that of tli^ acid salts is Cs N a H a Os , q j 

Schlieper has lately studied the salts of alloxanic acid, f 'and has 
confirmed the view above given. But he has also exaraiued the 
products of decomposition of this acid, which are remarkable. 

When a solution of alloxanic acid is boiled to dryness, and 
pretty strongly heated in a capsule, carbonio acid is given off; 
and, when at last the residue ceases to yield any gas, and flows 
smoothly, the addition of water causes the separation of a crystal- 
line powder in small quantity, which is leucoturic acid; while* the 
liquid contains a neutral body, difluan . 

3. Leucoturic acid is white and crystalline, sparingly soluble, 
and not decomposed by nitrio acid. It is dissolved by ammonia, 
with whioh it forms a crystallisable salt, and by pota&h, which, 
however, soon transforms it into oxalic acid and ammonia. Its 

i 2 
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composition is C« N 9 Ha Oe as Co N 2 Ila Oo + II 0. It contains 
the elements of 2 eq. cyanogon 0 v Na , 1 eq. oxalic aoid Oa Os , and 
3 eq. water, IIo O3. With three more eqs. of water, it is resolved, 
when acted on by potash, into oxalio acid and ammonia. 

CoNsHaOo-h 3HO=2(NII 3 ) + 3(CaO»). 

4. Difluan , the more soluble product of the decomposition of 
ailoicajiic acid, is precipitated from the aqueous solution by 
absolute alcohol as a iiocculent mass, which in vacuo dries up to 
a light bulky white powder, which, when exposed to the air, very 
rapidly deliquesces ; hence its name. It is an indifferent body, 
which is dissolved by potash, and rapidly decomposed in contact 
with that base. Its composition is, Cn N a II* Os, thus containing 
1 eq. of hydrogen more, and 1 eq. of oxygen less, than lcucoturie 
add. When it is resolved into oxalio acid and ammonia, oxygen 
is probably absorbed from the air, unless hydrogen bo given off, 
or some other new product formed. Thus Co Na 11* Oo + 2 H 0 
4 - Oa =5 3 (C 2 O 3 ) +2 (N IJa ). This reaction has not been 
fully studied; but oxalio aoid and ammonia are certainly 
produced. 

Sohlieper has observed a third product, along with leucoturio 
acid and ditiuan, which appears to contain 1 eq. of hydrogen 
more and 1 eq. of oxygen less, than dilluan. This, however, 
is not established, from the small amount of the substance 
obtained. The three formulas exhibit the inverse variations in 
the hydrogen and oxygen. 

Leucoturio acid . . , , C 0 N 2 H 3 O 0 

Difluan . Co Na Hi On 

The third product . . . . C«N 2 HoO* 

The formation of leucoturio acid and of ditiuan from alloxanio 
acid is very simple. 

1 eq. leucoturio acid . . . . C* NaJIaO® 

leq. difluan Co NaH*Os 

4 eq. carbonic acid ..... 0* 0» 

1 eq, water HO* 

H eq. alloxanio acid . , . , . C 10 N«H»0»o 

5. Hydurilic Acid.— In the preparation of alloxan, Schliepor, 
on one oeoasion obtained a new body, which proved to be the 
ammonia suit of a new aoid, hydurilic aoid, Ci* No HsOu . It is 
a bibasio acid, ss Cu Ns Us Oe -j~ 2 H 0. It forms minute white 
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prisms, sparingly soluble in cold water. It may be viewed ns a 
compound of water and urylo (Cs Na 0*), for 3 (Cs N» 0*) 4- 
10 H 0 i= 2 (Ci a NsHs On). Hence its name. 

It is evidently formed by an incomplete oxidation of uric acid, 
but Schlieper was not able to reproduce it. 

With nitric acid, it yields a new acid, Nitrohydurilic acid, of 
very similar external character, the empirical formula of which, 
seems to be, Cs Ns Ha On. This is equal to 


1 eq. ITryle 


. • 

. CsNs 0* 

1 eq. Nitric Ackl . 

, 

... 

N 0.i 

3 eq. Oxygen 

. 

. • 

.Os 

2 eq. Water . 

. 

. 

ID Os 


Cs Ns Us On 


And it is formed from 

2 eq. Hydurilic Acid (anhydrous) . . (L* N HcOis 

3 cq. Nitric Acid ..... Ns Ois 

0 eq. Oxygen 0* 

3 cq. Nitroliydurilic Acid . . . . C«« NnIIoOia 

Solilieper has further detected, in the same operation, in which 
he observed the hydurilie acid, another new acid, of which, 
however, little is known. Its empirical formula was found to be, 
Cio N a Hr, 0 9 . It has not been uarnod. 

6. Mesoxalic Acid ,- -Obtained in combination with baryta, 
by boiling alloxanato of baryta ; or combined with oxide of lead, 
by adding alloxan in solution, to a boiling solution of acetate 
of lead. The baryta salt is pale yellow, and sparingly soluble ; 

the lead* salt white and insoluble. The former is C 3 0* ^ 

the latter Cs 0* , 2 Pb 0. Tho acid may be obtained from either 
of these salts ; it crystallises, is vory sour, and is probably 
bibasio, and lias, also probably, tho formula C3 O t , 2 110, In 
that case, tho anhydrous acid is very remarkable as a new 
compound of carbon and oxygen, of the same class as mellitio 
and*oxalic acids ; hence the name. It is characterised by 
forming, when neutralised by ammonia, with nitrate of silver, 
a yellow precipitate, whioh, when heated, is reduced with 
brisk effervescence. This is evidently the cause of the reaction 
of alloxanic acid, above mentioned, with nitrate of silver. 
Mesoxalie acid deserves and requires a very careful investi- 
gation. Its formation from alloxau or alloxanio acid, if its 
formula be C 3 0*, is very easily explained: for 1 eq. alloxan, 
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minus 1 eq. urea, gives 2 eq. mesoxalio acid* Cs Na H* Oio 
—Ct Na H* 0 9 =rCa Os =2 Cs 0*. 

7. Mykomelinic Acid—Ca N* IT» O 0 — is formed when ammo- 
nia aots on solution of alloxan ; when a yellowish gelatinous 
precipitate of mykomclinate of ammonia soon appears. This 
boiled with dilute sulphuric acid yields a similar yellowish pre- 
oipitate, which, when dry, forms a powder sparingly soluble in 
cold, more readily in hot, water. It is decidedly acid. It is 
mykomelinic acid formed by the reaction of 2 cq. of ammonia on 
1 eq. alloxan. C a N a II* 0 JO +2N H 3 = C a N* IT* 0 6 + 5 H 0. 
It would appear to differ from ollantoine, only by 1 eq. of water ; 
for 2 eq.,of allantoine are Cs N* H a Oo. 

8 . Pardbanic Acid — Ce N a 0* -f 2 11 0 — is formed when alloxan 
or uric acid is heated with an excess of nitric acid, and tho 
solution concentrated until on cooling it forms a soft crystalline 
mass. This is dried on a tile, and tho dry crystals arc purified 
by solution in hot water, filtration, and reerystallhation. A 
large quantity of parabanio acid may easily be obtained from 
the acid mother liquors of alloxan. When pure, the acid is 
beautifully white and crystallised, very acid, and very soluble. 
It is characterised by its great permanenco in the free state, for 
it may be boiled with nitric acid, as its preparation shows, and 
at the same timo by its extreme proneness to change in contact 
with bases. Thus, if neutralised with ammonia in the warm 
solution, it deposits, on cooling, a crystallised salt, which is 
oxalurate of ammonia. Tho same change takes place with all 
bases except oxide of silver, so that the parabanato of silver is 
the only salt of this very poworful and remarkable acid which 
can be obtained. To bo converted into oxaluric acid, parabanio 
acid only requires 3 eq, of water. Tho production of parabanio 
acid is very simple. 1 . From uric acid. C 10 N 4 H 4 O/J -j- 0* 
+ Ha 0* = Ca Na H* O a + 2 C O a + Ce N a 0*, 2 H 0, 
2. From alloxan. C» N a H* Oi 0 + 0 8 = 2 C 0 9 + 2H0 + C« 
Na 0*, 2 HO. 

9. Oxaluric Acid } — Ca Na H» 0* 4- II 0. — Founod by the 
action of base* on parabanio acid. C a Na 0 * -f K0 + 3H0 
=2 Ca Na Ha O 7 , K 0 . The acid is obtained by adding dilute 
sulphuric acid to a hot saturated solution of oxalurate of ammonia, 
prepared by the action of ammonia on parabanio acid. On cooling, 
the oxaluric acid is deposited as a heavy white powder. When long 
boiled in water, it is decomposed into oxalate of urea and free ox- 
alic acid. In fact, it contains tho elements of 2 eq. oxalic acid 
and 1 eq. urea. 2 Ca 0 8 4* Ca Na H* Oa ssCoNaHa* 0 7 , H 0 . 
It is also characterised by forming with oxide of silver a white salt, 
which dissolves in hot water, and crystallises beautifully on oooling. 
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The oxaluraie of ammonia — N Hi 0 4* C« Na Ha O7 — is 
formed whenever a solution of alloxan, or alloxantino in water, 
or of uric acid in nitrio acid, is evaporated with excess of 
ammonia; and where colouring matter is present; as when 
ammonia is made to act on the acid in the mother liquors of 
alloxan, the oxalurate is often deposited in radiated hemi- 
spherical concretions, which sometimes attain the size of an inch 
or two in diameter, and are very hard/ When decolorised by 
animal charcoal, it forms small, soft, flexible needles. I Jjave 
found that this salt, when exposed to heat in a retort, yields 
ammonia, hydrocyanic acid, and much oxamide, besides wator, 
and perhaps other products, while a dark residue is left. 

10 , Allox anosulph uro us Acid. — When to a cold saturated solu- 
tion of alloxan there is added a strong solution of sulphurous 
acid in water, till the smell of the acid, which at first disappears, 
becomes permanent, and tho mixture is now neutralised by the 
addition of a strong solution of potash, avoiding excess of tho 
latter, it soon deposits on standing, as I have found, regular and 
beautiful crystals, perfectly transparent, and of a strong vitreous 
lustre. These are the potash salt of a new acid, which may ho 
called Alloxanosulphurous acid. The acid is not yet known in 
the separato form, hut it appears to contain 1 eq. of alloxan, 
united to two of sulphurous acid. This acid requires investigation. 

11 . Thionuric Acid—C a Na lb S* ()u=(Cs Na Ha 0 «, 2 SOa) + 
2 HO — is formed when sulphite of ammonia, with excess of base, 
is added to solution of alloxan, and tho whole boiled for a few 
minutes, or until crystals appear in the hot liquid. On cooling 
it forms a semi-solid mass, from tho separation of a large 
quantity of thionurate of ammonia in beautiful silvery crystals, 
which are to bo washed with cold water, and dried on a tile. 
From this salt thionurate of lead is prepared, and this, being 
decomposed by sulphuric acid, yields thionuric acid. The acid 
is crystallisable, hut very solublo. It is bibasic, and contains the 
elements of 1 eq. alloxan, 1 eq. ammonia, and 2 eq. sulphurous 
acid, not however as such, for the elements of 2 eq. water havo 
assumed the basic form. 

Its most striking character is, that when its solution is heated 
it becomes turbid from tho deposition of a now compound, 
uramile, and in the liquid sulphuric acid may now be found, 
which was not previously present. Cs Na Ila Os + 2 S Oj = 
C 8 Ns IIs Os + 2 S Oa ; so that the sulphurous acid obtains 
oxygen from the rest of the acid, and becomes sulphurio acid, 
leaving uramile, C» Ns Hs Oo . 

Thionurate of Ammonia — (Cs Nr Hs Os, 2 S Oa) + 2 NH* 0 
+ 2 aq. — is formed as above described. When its solution is 
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mired with 1 eq. of hydrochloric acid, half the ammonia is 
removed, and by evaporation we obtain acid thion urate of ammonia 
in' minute silky needles. But when the hot solution of thionurato 
of ammonia is mixed with an excess of acid, the thionuric acid 
is set free and instantly decomposed, urnmile being deposited. 
Little is known of the other thionurates. 

12. Uramile , Cs Ns Hr Oa . — Its formation has been described 
above. It occurs either as a crystalline powder, or in dendritic 
or ^pathery crystallisations, of very beautiful aspect. It dis- 
solves In ammonia and potash, and the solution absorbs oxygen, 
becoming purple, and depositing green crystals of muroxidc, 
or of potassium-murexide. When boiled with peroxide of raer- 
ctiry, and a very little ammonia, it is also converted into 
murexide. Boiled with caustic potash, or with dilute acids, it 
is said to yield uramilic acid. — Nitric acid re-converts it into 
alloxan. 

13. Uramilic Acid . — Obtained, by Liebig and Wohler, by eva- 
porating acid thionurato of ammonia, or uramile, with dilute 
sulphuric acid ; also, it is said, by boiling uramile with potash. 
Xt appeared to these chemists as fine prisms, very soluble in 
water, and its analysis indicated the formula Cm Ns HioOis; 
which might be derived from 2 eq. uramile by the loss of 1 eq. 
atomonia, and the addition of 3 eq. water. 2 (Cs Ns II 5 Oe) -f 
2 H 0— N Hass Cm N 5 Hio 0™. But this acid has not been 
again obtained, and its existence is still doubtful. 

14. Alloxantine , C 8 Na Ha Oio. — Obtained in large quantity by 
diluting the acid mother liquid of alloxan with 3 or 4 parts of 
water, and passing a current of sulphuretted hydrogen through 
it. In a short timo sulphur is deposited, and then white crystals 
of olloxantino. When a large quantity has formed, it is collected 
with the sulphur, on a filter, washed with a little cold water, 
and the filter with its contents then boiled with a large quantity 
of water. * The solution filtered while hot, and with the addition 
of a few drops of hydrochlorio acid, deposits, on cooling, a large 
crop of pure crystals of alloxantine. The acid liquid, filtered 
from the first deposit, often, on standing a day or two, deposits 
a large additional quantity of alloxantine. This alwa) s happens 
if too much sulphuretted hydrogen has been used ; for that con- 
verts the alloxantine partially into dialurio acid, which is more 
soluble, but by absorbing oxygen from the air, is reconverted 
into alloxantine, and thus deposited. 

Alloxantine may also be obtained by deoxidising a pure solu- 
tion of alloxan, either by sulphuretted hydrogen, or by other 
deoxidising agents : or by heating a solution of alloxan to the 
boiling-point, either by itself or with the addition of dilute 
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mineral acids, when alloxantine is formed and deposited on 
cooling. But the process abovo given for converting into allox- 
antin© %he alloxan of the acid mother liquor, which cannot be 
purified by crystallisation, is so productive, and yields alloxantine 
so pure, that, if we have to prepare alloxan, we need never bo at 
a loss for alloxantine. 

The formation of alloxantine from alloxan by sulphuretted 
hydrogen is easily explained, for these compounds only differ 
by 1 eq. hydrogen, which the alloxan takes from sulphuretted 
hydrogen. Oxidising agents, by converting this hydrogen into 
water, readily reconvert alloxantine into alloxan. Cs Na lls O 10 
+ 0 = 110 + 0* Na H* 0,o. 

When the crystals of alloxan, with 7 cq. of water of crystal- 
lisation, which are not so permanent as the usual forms, are 
kept in a slightly moist state (or perhaps when moistened by 
tlio separation of part of the water of crystallisation at a certain 
temperature) they undergo a gradual change, the result of which 
is the formation of a large quantity of pure alloxantine, along 
with at least one other substance, more soluble in water and 
crystallisable. This substance has acid properties, but 1 have 
not been able to complete ‘its examination. The production of 
alloxantine from alloxan in this case is not yet accounted for, 
nor do we know what becomes of that portion of tho alloxan which 
yields hydrogen to the rest, to convert it into alloxantine. The 
new body has many properties in common both with alloxan and 
alloxantine, but it must differ from them in composition. 

Alloxantine forms white, hard, brilliant crystals, which never 
exceed a certain small size. Tt is very sparingly soluble in cold 
water, much more so in hot water. Its solution is characterised 
by giving with solution of baryta a deep violet precipitate, which, 
with excess of baryta, changes to white; and by instantly 
reducing nitrate of silver, forming a black powder of silver, tho 
alloxantine passing into alloxan, or oxalurio acid. Tffo crystals 
of alloxantine,. heated to 300°, lose 3 eq. of water. 

In the preparation of alloxan, it is necessary, as has been 
stated, to bo very careful that the first solution of the crystals 
formed in tho nitrio acid should not be heated too strongly, 
because, as this solution contains free nitrio acid, alloxantine is 
formed at a certain temperature ; and besides, even a puro solu- 
tion of alloxan, if boiled, is partly converted into alloxantine. 
The action of diluted nitrio and other mineral acids on alloxan 
ij to produoe, from 2 eq. alloxan, 1 eq. alloxautiue, 3 eq. oxalic 
acid, 1 eq. ammonia, and 1 eq. cyanic acid, the latter, with 3 eq. 
water, producing bicarbonate of ammonia. When solution of 
alloxan is boiled alone, it is converted into alloxantine, parabanio 
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add, and carbonic) acid. 3 (Ce Na H* 0 10 ) = 2 (C 3 N» H 5 O 10 ) + 
Cs Si H» Oa + 2 C Oa . 

Itl all these, or in similar cases, the presence and theilelative 
proportion of alloxantine contained in alloxan at any period, may 
be judged of by the colour of the precipitate formed in baryta. 
If pure white, no alloxantine is present ; if slightly pink, it is 
present in small quantity ; if deep violet, all, or noarly all, the 
alloxan has been converted into alloxantine. 

It i?> when both alloxan and alloxantine are present, that the 
addition of ammonia produces the deep purple colour, and the 
green crystals of murexide. When ammonia acts on alloxantine 
alone, it gives rise to uramile, and, finally, to oxalurate of 
ammonia. 

One most remarkable change which alloxantine undergoes is 
that oausod by the further action of sulphuretted hydrogen. If 
that gas be passed through a hot solution of alloxantine, sulphur 
m precipitated, and an acid liquid is obtained, which, if neutra- 
lised by oarbonato of ammonia, forms a salt in soft white silky 
crystals, the dialurato of ammonia. Alloxantine, by the action of 
hydrogen, which removes 1 eq. oxygen, is converted into dialurio 
acid. 

15. Dialuric Acid , C 8 N a H 3 0 7 -f II 0 — Ch N 3 II* 0« — pro- 
Jhoed by the action of sulphuretted hydrogen on alloxantine, 
C 8 N a Ha O 10 4“ II s ss S + 2 II 0 -f Cs II* Os. it is best 
obtained, in combination with ammonia, by adding a slight 
excess of hydrosulpkuret of ammonia to a solution of alloxan 
or alloxantine, when a copious crystalline precipitate appears. 
This, when boiled, dissolves in the liquid, and on cooling is 
deposited in minute silky prisms, which are white, but in drying 
become pink or even deep red. They should be washed on the 
filter, first with diluted hydrosulpkuret of ammonia, then with 
alcohol, to which a little hydrosulphuret has been added ; and 
lastly, wiih pure alcohol, and dried by pressure in blotting-paper 
and in the vacuum of the air-pump. They may thus be obtained 
white, or very nearly so ; and when onoe quite dry, they are 
permanent. When this salt is dissolved in hot and moderately 
strong hydrochlorio aoid, crystals of dialuric acid aro deposited 
on cooling. These crystals resemble somewhat those of alloxantine, 
but are larger, and not so brilliant. Their solution, and the 
crystals themselves under water, absorb oxygen, and are soon 
changed into alloxantine, from which dialurio aoid only differs by 
1 eq. oxygen 'and 1 eq, water. 

Dialurio acid is a powerful acid. Its salts aro insoluble or 
sparingly soluble, and only permanent in the dry state. The 
dialurate of ammonia, above described, is the most interesting. 
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16. Alituric Acid . — Tkis acid is formed when alloxantine is 
boiled with hydrochlorio acid, and was discovcrod by Sohliepcr. 
It is sBhble in 15 or 20 parts of hot water, and is deposited on 
cooling* as a bulky crystalline powder. It is not altered by nitric 
acid. Its formula is Co Na H3 0* = Ce Na Ha O3 -f H 0. When 
heated with potash, ammonia is disengaged, and the addition of 
an acid causes a precipitate of a new body, apparently composed 
of Cl# Ns Ha 0i8 + K 0. Such a body might be formed from 
3 eq. alituric acid + 4 cq. oxygen +■ 2 eq. water, the whole— teq. 
ammonia. 

17. Dilituric Acid . — This is found in the liquid obtained when 
the preceding acid is puriiied from alloxantine by nitric acid, in 
combination with ammonia. The acid refaina the ammonia with 
such force that it has not yet been obtained in a separate form. 
The ammoniacal salt is Cs Ns II Os -f N H* 0 + H 0 ; and the 
acid is supposed to be bibasic, Cs Ns H Os -f 2 H 0. 

It is probably a coupled acid, for it contains the elements 0#' 
3 cq. cyanic acid, 2 cq. carbonic acid, and 3 eq. Mater. 3 (Ci 
N 0) + 2 C Oa + 3 H O = CsNsIIsOio. The siiycr salt explodes 
when heated, which is rather favourable to this view. 

18. Mur oxide, Syn. Pur pur ate of Ammonia . — Formed, as 
already mentioned, when ammonia acts on a solution containing 
botli alloxan and alloxantine, which explains its production when 
ammonia is added to the solution of urio acid in dilute nitrio acid, 
after evaporation to a certain extent ; also, when uramile or 
murexan is boiled, witli red oxide of mercury or oxide of silver, in 
water, with a few drops of ammonia, or when uramile or murexan 
is dissolved in ammonia and exposed to the atmosphero ; and in a 
great varioty of circumstances from all the preceding oompounds, 
or nearly all of them. 

On the small scale, 4 grains of alloxantine and 7 grains of 
hydrated alloxan, are dissolved together in £ 0 z. by njeasure of 
water by boiling, and the hot solution added to J oz. by measure 
of a saturated or nearly saturated solution of carbonate of 
ammonia, the latter being cold. This mixture has exactly the 
proper temperature for the formation of murexide ; and it does 
not, owing to its small bulk, remain too long hot. It instantly 
becomes intensely purple, while carbonio acid is expelled; and 
as soon as it begins to cool, the boautiful green and metallic- 
looking crystals of murexide appear. As soon as the liquid is 
cold, these may be collected, washed with a little cold water, and 
dried on filtering-paper. I have obtained them, by the above 
process, and on this small scale, of from 2 to 3 lines in length. 
When made with larger quantities, tho crystals are always 
smaller, owing, probably, to some effect of the slower cooling of 
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the larger mass of liquid, as continued* heat is not favourable to 
their formation. If we do not care about having tlm finest 
crystals, we may prepare murexide in large quantity b^fcdding 
solution of alloxan to a boiling solution of alloxantino, and 
cautiously adding cold solution of carbonate of ammonia, till 
the mixture has become nearly black, and the green crystals 
begin to appear. The vessel being removed from the fire, de- 
posits a very large quantity of murexide. In these processes, 
tin** residual liquid is still coloured, and is alkaline from oxcess 
of ammonia: if kept, it loses the red colour, becomes yellow- 
ish, and if evaporated, yields much alloxanate of ammonia in 
crystals. 

Murexide is one of the most beautiful products of chemistry : 
the crystals aro metallio green by reflected light, like the can- 
tharides fly or the gold beetle, and deep red by transmitted light. 
Their solution is deep purplish red, and they dissolve in potash 
with the most splendid purplish blue colour that can be imagined; 
this, however, soon disappears. When their solution is acted on 
by a dilute mineral acid, it is decolorised, and deposits a shining 
scaly crystalline powder, of a pale yellow colour, which is 
murexan. The sarao compound is obtained when acids are added 
to the solution of murexide in potash, after the purple tint has 
disappeared on digestion in a gentle heat. 

The composition of murexide is uncertain, and there are 
different views of its constitution. According to some it is a salt 
of ammonia ; and this view is supported by the fact that, with 
salts of baryta and oxides of lead and silver, it yields purple salts, 
which, according to Fritzacho, contain the same acid that in 
murexide is combined with ammonia, and which may be called 
purpuric acid. But murexide is not a compound of ammonia 
with the purpuric acid of Trout, for when that body (murexan) is 
dissolved in ammonia, it only forms murexide by absorbing 
oxygen fiom the air, and yields other compounds at the same 
time. Again, the action of sulphuretted hydrogen is inconsistent 
with the view of murexide being a salt of ammonia, and in many 
of its relations it more resembles a neutral body — such as a 
compound of amide. Its products of decomposition are very 
numerous, and altogether the subject is one of much difficulty. 
Possibly there may be, two substances similar in appearance, but 
distinct in constitution; one a salt of ammonia, the other an 
indifferent body, or an amidide. The great discrepancy in the 
results of analysis, as obtained by Liebig and Wfikler on the one 
hand, and Fritzsohe on the other, as well as some differences 
in the properties ascribed to it by different chemists, lead to some 
such conclusion. The formula considered by Liebig and WOhler 
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the most probable, all things considered, but not established, is 
Cia Na Ho Oa ; another somewhat less probable, is Cao Ns HioOn. 
Both cAthcse will enable us to account for its production in 
different ciroumstances. The formula of Fritzsche, which agrees 
with his analysis, is Cio Na Ha On = NHa + Cio N 6 H» On. 
The salt formed with nitrate of Bilvcr is, Cio" No Ho On -J- A g, 0, 
which would exhibit the unusual phenomenon of ammonia, instead 
of oxide of ammonium, being replaced by oxide of silver ; ant^the 
baryta compound is Cio N& IIs On -j- n 0 + Ba 0. AdmitiiugHhe 
formula? of Fritzsche for the silver and barium compounds to be 
correct, these arc not demonstrated to be salts of purpuric acid ; 
but besides this, his formula for murexido does not enable us to 
explain its production in any caso. In these circumstanoos, we 
shall not attempt to explain the formation of murexido, further 
than to point out, that it appears to require the presence of a 
compound intermediate between alloxan and alloxantin© (tho 
former losing oxygen, the latter gaining it), and of ammonia : and 
that it is not the only product. 

19. Mur ex an. Syn. Purpuric Acid. Co Na H* Oo (?) — Formed 
by tho action of acids on murexido, but along with several other 
products. It appears of a shining powder, composed of scales 
generally pale yellow, sometimes pale brown, never quito white. 
It is insoluble in water or nearly so, but tho liquid filtered from 
it has always a peculiar opalescent aspect and play of colours. 
It dissolves in potash and ammonia, and the solutions become 
purple, by absorbing rapidly oxygen from the air, and finally 
deposit green crystals. When boiled with peroxide of mercury, 
water, and a little ammonia, it yields murexide. It dissolves in 
oil of vitriol, and is precipitated unchanged by water. In all 
these characters, except in its external aspect, it coincides entiroly 
with uramile, and it is not impossible that it may hereafter bo 
found to bo uramile, disguised by the presence of a foreign sub- 
stance. For tho present, however, its analysis compels us to 
distinguish it from uramile. 

The following products have been described by Schlieper and 
Stadeler. They include a fifth mode of oxidation of uric acid. 

20. Lantanuric Acid . Co Na H4 Oa , H 0, or Ci& N* Hs Oia, 2 H 0. 
According to Schlieper, urio acid, when acted on by a mixture of 
ferridoyanide of potassium (red prussiate of potash) and oaustio 
potash, is oxidised, and yields this acid in combination with 
potash. In the first instance allantoino and oarbonio acid are 
formed, Cio N*H*Oa + Oa + 2HO = 2 (C*Na HsOa) + 2 C Oa . 
The allantoino, in contact with potash, takes up 2 eqs. of water, 
and is then resolved into lantanurio acid and urea. 2 (0* Na Ha Os ) 
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+ 2 H 0~Cs N* Ha 0»; and Ca N* Ha Oa=Ca N. H. 0.+ 
C# N* H* 0« . 

21. ffidantoic Acid . Cs N* H? Os, H O. Accor«ng to 
Schlieper this acid is formed when allantoine is dissolved in 
caustio potash, and its formation is the first stage in the process 
described in the preceding section. It may bo obtained in com- 
bination with oxide of lead, by dissolving allantoine in cold 
solution of caustic potash, and allowing the solution to stand about 
twe»dnys. After the addition of acetio acid in excess and water, 
acetate of lead causes a precipitate of the lead salt. The anhydrous 
acid is polymeric with oxamido, but the atoms are obviously 
arranged in a different manner, since, when boiled with alkalies, 
it yields no oxalic acid. 

22. TJroxanic Acid . Cio Na Ho On, or Cio Ns II 7 O 12 , 2 H 0. 
(Stadeler). When a solution of uric acid in excess of caustic 
potash is left to itself, it deposits by dogrees, along with acid 
urate of potash, crystals of the potash salt of this new acid. The 
acid crystallisos from its solution in hot water in tetrnhedra or 
in irregular feathery prisms. It is formed from uric acid by 
the addition of 8 eqs. of water, and the separation of 1 eq. of 
ammonia. Thus, 

Uric Acid. Uroxanic Acid. 

(Cio N* Hi Oo ) + 8 H 0 = (Cio N* Ho Oi* ) + N H» . 

23. TJroxile . C« Ns n7 Os . (Stadolor). When uroxanic acid 
is heated to 212°, it loses carbonic acid and water, and uroxile is 
left as a yellowish coherent mass. 

Uroxanic Acid Uroxile. 

Cio Na Ha Oli = 2 H 0 + 2 0 Oi + (On Na III Os ). 

TJroxile contains 2 eqs. of water more than nramile, and it is 
isomeric with dialurate of ammonia ; but it is quite distinct from 
that salt. c 

The recent very interesting researches of Rocbloder on oaffeino 
or theine have led to the discovery of some very remarkable 
relations between some of the products of oxidation of caffeine 
and those of uric acid just described. Liebig had long ago pointed 
out that the action of caffeine on the body probably depended on 
the fact that its composition was related to that of uric acid ; and 
Roohleder has obtained, among various other curious products, 
one analogous to alloxantine, and another equally analogous to 
murexide. These will be afterwards described, and we shall then 
see that it would appear that alloxan, alloxantine, murexide, &o., 
have their homologues in the Caffeine series, the investigation 
of which will doubtless throw muoh light on the true oonstitu^. 
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tion of these compounds. We shall return to this subject under 
caffeine. 

Havihg now described the numerous products of tho oxidation 
of uric acid by nitric acid, we are prepared to understand the 
nature of the radical supposed to bo common to most of these 
compounds. 

Uryle. Ul. = CsNaOin 4 0 0 + 2 C*N. 

Syn. Cyanoxalic Acid . — This radical is unknown m 3he 
separate form. It contains the elements of 4 cq. carbonic oxide 
or 2 eq. oxalyle (C# Oa), and 2 eq. cyanogen. Henoc the name 
cyanoxalic acid. Assuming it to exist, wo have the following 
series : — 

national fori nuke. Names. Empirical formula). 
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The ready conversion of these compounds one into another is a 
strong argument for the existence of the radical uryle. But the 
rational formula) above given do not represent what we suppose to 
be the actual arrangement ; they only point out by what simple 
means, as the addition or removal of oxygen, or ammonia, or 
water, the elements of the new compounds might be supplied. 
The other derivatives of uric acid are probably compounds 
of different radicals : thus, parabanio and oxaluric acids each 
contain only 6 eq. of carbon, and cannot therefore be cdthpounds 
of uryle. 

The abovo brief sketch of the products derived from uric acid, 
will serve to show tho inexhaustible variety of new products, 
which one complex body may yield. Notwithstanding all that 
has been done, we must consider this subject as merely opened 
up, aud a further prosecution of it will infallibly lead to many 
interesting and valuable results. 

AITENDIX TO URIC ACID. 

1. Uric or Xanthic Oxide . — This is a very rare ingredient of 
prinary calculi* Its formula is Ca Na Ha Oa , which, taken 
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double,. differs from uric acid only by 2 eq. oxygon. Henoo its 
naiAp of uric oxide. H It is soluble in potash and precipitated by 
adds as a white powder. It dissolves in nitric acid, and the solu- 
tion evaporated to dryness leaves a yellow residue; hence the 
name of xanthio oxide. It is said to occur injsmall quantities in 
some kinda of guano. 

2. Cystic Ojridq, Co N Ho CK Sa .—Another very rare form of 
calculus. It dissolves both in acids and alkalies, and lias tho 
characters of an organic base, forming crystalline compounds 
with acids. It is remarkable from tho large quantity of sulphur 
it contains. 

3. Guanine , Cio Is r 3 I In Oa. — This' compound has been dis- 
covered quite recently in guano by Unger, who at Jirst supposed 
it to be identical with uric or xanthic oxide, but subsequently 
found it to bo a distinct compound. It seems to bo a base, 
somewhat analogous to urea; for it unites with hydrochloric, 
sulphuric, and nitric acids, forming cry stalli sable salts, among 
which arc acid salts, with hydrochloric and nitric acids ; a very 
rare phenomenon. 

Guanine is a white powder, insoluble in water. Like other 
organic bases, it forms a double salt when its hydroelilorate is 
mixed with bichiorido of platinum. This salt crystallises in lino 
orange yellow crystals tho formula of which is (Cm Ns II 5 Oa , 
H Cl) + 2 Pt Cla -f~ 4 TI 0. It is remarkable that guanine forms 
no basic salts, as most weak bases do, but only neutral and acid 
salts. 

Hyperuric Acid (?). — This acid was also discovered by Unger, 
who obtained it by acting on guanine with a mixture of hydro- 
chloric acid and chlorate of potash. Its formula, according to 
Unger’s experiments, is CioN* H& Oo, which differs from uric 
acid, by I eq. water, and 2 eq. oxygen ; hence tho name. Unger 
conjectures it, from the analysis of the silver salt, to be bibasio 
Cio N* £3 Or + 2 H 0 ; but the want of material has prevented 
him from fully investigating this curious acid ; and ho marks its 
formula, and even its name as doubtful. 

Tho acid forms short rhombic prisms, colourless and of 
brilliant lustre. When heated, it yields hydrated oyanio acid, 
water, and a residue of carbon, This might occur with the 
formula above given, for Cio Ha He Oo = 4 (Ca N 0, H 0) 
+ HO + Ca. 


XIII. Bbnzoyle, Bz = Cu He Oa . 

This is the radical of Benzoic Acid, of oil of bitter almonds, 
and of an extensive series of compounds. The radical is not yet 
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known with certainty in the separate form, although a compound 
exists, having the same composition. (Seo Benzile ») We shall 
describe first the benzoic and afterwards the other compounds 
derived from, of connected with it. 

1. Benzoic Acid. On IlsOa, HO=Bz 0, HO, or Bz Q«, IT. 

This acid is found in gum benzoin, mixed with some resins ; 
and it also occurs in the urine of herbivorous ^nitnals, under 
certain circumstances. It is also formed by the oxidation of the 
oil of bitter almonds. It may be obtained from benzoin by sub- 
limation, the powdered gum being gently heated on an iron plato 
forming the bottom of a broad and short cylinder, the top of 
which is covered with bibulous paper pasted tightly down to the 
sides, while another cylinder slides over tho upper end of the 
first, to prevent tho escapo of the acid. The vapours of tho acid, 
which is very volatile, pass through the paper, and forming 
crystals, arc there retained, falling on its upper surface. The 
following method, however, is far more productive, as iu the 
process of sublimation some of the acid is always decomposed. 
Benzoin is dissolved in strong alcohol, and to the hot solution 
there is added hydrochloric acid in quantity sutlicient to preci- 
pitate the resin ; tho whole is then distilled. The benzoio acid 
passes over under tho form of benzoic ether (benzoate of oxide 
of ethyle) : and when the greater part of the liquid has been 
distilled off, water is added to the residue, and distilled as long 
as any ether passes over with it. When this ceases tho hot 
water remaining in the retort is filtered, ami on cooling deposits 
part of the benzoic acid in crystals. The bpnzoio ether and all 
the distilled liquors are now treated with caustic j>otash, until 
all tho ether is decomposed, and the solution, now containing 
benzoate of potash, is heated to boiling, and supersaturated 
with hydrochloric acid. On cooling it deposits the ben&oio acid 
in crystals. By this means tho whole benzoic acid of the benzoin 
is obtained. 

When tho urine of the cow is evaporated to a small bulk, and 
hydrochloric acid addod in excess, a quantity of crystals is depo- 
sited. Thcso aro sometimes impure benzoio acid alone, sometimes 
a mixture of that acid, and of hippuric acid. Ether dissolves the 
former, and leaves the latter. The other being distilled off, the 
benzoio acid is purified by combining it with lime, and precipitating 
tho acid by the addition of hydrochloric acid ; or by dissolving it 
in boiling water, and adding nitric acid, which destroys tho 
colouring matter. 

Benzoio aoid is also formed, as will be explained hereafter, by 

K 
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boiling hippurio acid with strong hydrochloric acid. Lastly, 
benzoio aoid is a very frequent product of the oxidation of nitro- 
genised or albuminous organic compounds. Its radical is, there-* 
fore, one of the products of the decomposition of very complex 
organic molecules. ^ 

Benzoic acid forms fine, light, prismatio crystals, or flexible 
pearly scales. When pure, it has no smell, but by heat it 
acquires the odour of benzoin or of vanilla, and as commonly 
prepaid it has a very pleasant odour derived from the presence 
of some foreign compound which accompanies the acid, and is 
not easily separated from it. It is very fusible and volatile, 
and its vapours are very irritating, provoking cough. It is 
inflammable, burning with smoke. It is sparingly soluble in 
cold water, more $o in boiling water ; it dissolves also in alcohol 
and ether. 

With bases it forms salts, many of which are cry stalli sable. 
Thoir general formula is Bz 0, M 0, or Bz Os, M. When the 
alkaline and earthy benzoates are heated in closo vessels, they 
yield carbonates, while new products distil over, such as benzone, 
benzole, naphthaline, &e. The benzoate of peroxide of iron, 
3 Bz 0 -f Fea Os , has a reddish white colour, and is insoluble* 
Bonzoie acid, in tho form of benzoate of ammonia, is therefore 
sometimes used as a means of separating peroxide of iron from 
some other bases. But its use requires many precautions, and it 
is quite inapplicable if alumina, glucina, yttria, or zirconia bo 
present. Benzoate of silver, Bz 0, A g 0, is sparingly soluble, and 
w hen formed in hot solutions crystallises on cooling. 

Benzoic acid appears to bo the starting-point, or lowest member 
of a series of homologous acids, of which two more aro known 
namely, the Toluylio and Cuminio Acids. It will be seen by the 
following table, that the common difference here, as in the scries 
to which Formic, Acetic, and Valerianic acids, and the other 
volatile cily acids belong, is C* Hs . And in this, as in the former 
case, the analogy in properties is as remarkable as the analogy in 
composition. The acids of the benzoio series arc crystalline 
volatile, and when heated with bases, yield aromatio oily com- 
pounds, which are carbohydrogens, homologous, like the acids 
from which they are derived, of whioh benzole is the type. From 
these oils various compounds are derived, of which we shall only 
here mention a remarkable series of homologous bases, that of 
whioh Aniline or Phenylamine is the type. 
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Benzoic Sekies. 


Benzoic Acid 
Toluylic Acid 
(?) 

Cuminic Acid 


CuHrt 0* 

CioHa 0* 
Cib Hio 0* 
Czo Hut 0* 


Benzole Cia Ho 
Toluole C 14 He 
Xylole Cie H 10 
Cumole Oio Ilia 


Aniline Cit H? N 
Toluidine Ci* Ho N 
Xylidine Oio Hu N 
Cumidine Cis Hia N 


It will be seen that one acid, that with IB eqs. of carbon, is 
not yet discovered, but it will probably soon be formed, as the 
corresponding members of the two other series are already 
known. We shall return to the benzoio series hereafter. The 
table here given is merely a specimen, to illustrate the nature of 
the group. There are many more series, connected with the throe 
above given. 


Anhydrous Benzoio Acid. 

Cm HsOsiOr Cm H,o 0.= } 

This remarkable compound was discovered by Gerhardt, and 
is the typo of a numerous class of compounds, the anhydrous 
organio acids, or anhydrides , for they are not true acids. 

The anhydrous benzoio acid or benzoate of bcuzoyle, may be 
formed in various ways; either by the action of chloride of 
benzoyle on benzoate of soda, or by that of chloride of benzoyle 
on oxalate of potash ; or by that of oxychloride of phosphorus 
on benzoate of soda. The first process is as follows, 

C.. n»O a , C1+ Na 0, Ci.n»Os = Na Cl + j 

In the second, wc have, 

C«OaKa + 2(CuH.0.,Cl) = 2K01 + £***£<£ ]■ +2CO + 2CO. 

In the third, chloride of benzoyle and phosphorous acid are 
first formed by the action of tbo oxychloride of phosphorus on 
the benzoio aoid, and this subsequently acts on another portion 
of benzoate of soda, as in the first process. 

In all those processes, the materials are gradually mixed in a 
large flask, and then heated, with constant agitation, to a tem- 
perature of about 265° or 270° F., till the smell of chloride of 
benzoyle has disappeared. The mass, when cold, is washed with 
cold water, to remove the chloride of potassium, and the inso- 
luble residue is the anhydride. It may be purified by dissolving 
it in the smallest possible quantity of hot aloohol, which, on 
cooling, deposits it in brilliant oblique prisms. There is always 
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a loss, from the formation of benzoic ether, and if too muoh 
aloohol be used, but little of the acid will be obtained. When tlxo 
quantity is considerable, it is best purified by distillation. It 
distils at a high temperaturo, about 590° F., yielding a colourless 
oil, which, on cooling, crystallises in acute rhombs or acicular 
prisms. It melts at 107° F., and on cooling, crystallises like 
sulphur and bismuth, so that by pouring off the remaining fluid 
when the solidification is half finished, very fine crystals may bo 
obtained. 

The solutions of this anhydride in alcohol or ether are perfectly 
neutral, but it easily passes into benzoio acid when boiled with 
water, especially if a base bo present. 

With ammonia it forms benzamide ; with aniline, bonzanilide. 
With caustic potash and other bases it is converted into 
benzoates. 

We shall seo that many other anhydrides or anhydrous acids, 
as they are called, having the composition of anhydrous acids, 
but no acid properties, may be formed in the same way, and have 
analogous properties. The methods generally pursued are those 
here described, only using the salts of other acids instead of 
those of benzoio acid. 

The doublo formula abovo given for this anhydride is derived 
from the type water, thus written, q | which corresponds to 

CuHsOa, 01 
Ci*HtO», OJ 

Now tho occurrence of double anhydrides is in favour of the 
double formula}. We shall see that anhydrides may bo formed 
containing 1 cq. of one anhydride and 1 eq. of another; for 
example, the anhydrous aceto-benzoic acid, (or acetate of bon- 
Zoyle, or benzoate of acetyle, for it may be named by all these 

names) which is Cis Hs Oo evidently q** q* ' 9 q | correspond- 

ing to the type water, thus jj q | . 

2. Hyduret of Benzoylo, Ci*HoOa = BzH. 

Syn. Essential oil of Utter almonds . — When bitter almonds, 
after being macerated with water for a day or two, are distilled 
with tlie water, there is obtained a fragrant oily liquid, heavier 
than water, which contains, besides hyduret of benzoylo, benzoio 
acid, hydrocyanic acid, and benzoine, a solid compound isomerio 
with the hyduret of benzoyle. To purify it, this oily liquid is 
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distilled along with a mixture of protochloride of iron and slaked 
lime, which retain the two acids, and the benzoino remaining 
behind, the pure hyduret passes over. 

It is a colourless transparent liquid, of a high refractive power. 
It has a peculiar and very powerful smell, and it is on this 
account that the crude oil is so much used in perfumery. Its 
odour has been compared to that of hydrocyanic acid, but this 
has arisen from the fact that the crude oil contains both ; for on 
comparing the two, both pure, no great similarity can be per- 
ceived. It ought, however, to be borne in mind that the com- 
mercial oil is highly poisonous, because it contains hydrocyanic 
acid, though the hyduret of benzoyle is not poisonous. Hyduret 
of benzoyle boils at 356°. 

When exposed to the air, it absorbs 2 eq. of oxygen, and is 
converted into pure crystallised benzoio acid. Bz H + Oa = Bz 
O, I£ 0. Heated with caustic potash in close vessels, it yields 
benzoate of potash and hydrogen gas, which is disengaged. 
K 0, II 0 + JBz H = K 0, Bz 0 + 11. It is still more easily 

converted into benzoate of potash by ail alcoholio solution of 

potash ; the alcohol hero swims above tho salt, and holds in 
solution an oily matter not yet examined. 

1 have found that the benzoate of potash, formed by the action, 

of an alcoholic solution of potash in the crude oil of bitter 

almonds, is very soluble in alcohol, from which it crystallises in 
cooling a hot saturated solution, in a mass of fine silvery or 
pearly scales. The benzoate of potash, made directly from 
benzoic acid, is very sparingly soluble in hot alcohol, and crys- 
tallises differently. The cause of this difference is still unknown; 
but it may depend on a difference in the amount of water of 
crystallisation, or on the absence of such w r ater in one of the 
salts ; or on one salt being neutral, tho other acid, in constitution. 
1 did not find, however, any such difference, so far as I have 
examined them. « 

When hyduret of benzoyle is mixed with a little hydrocyanic 
acid, and placed in contact with aqua potasste, lime water, or 
baryta water, it is gradually converted into tho solid crystalline 
compound, isomeric with itself, which is called benzoine. When 
mixed with aqua ammoniie, and gently heated, it produces a new 
compound, hydrobenzumide. W ith chlorine and bromine, if dry, 
it yields chloride and bromide of benzoyle, with hydrochloric and 
hydrobromio acids ; if water be present, benzoic acid is likewise 
formed, part of which combines with some unchanged hyduret of 
benzoyle. 

3. Chloride of benzoyle, formed by the action of dry chlorine on 
the hyduret, is a colourless liquid, of a strong disagreeable odour. 
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It is formed as follows : Bz II + Cl* = Bz Cl + H Cl. With 
the alkalies it yields benzoate of the alkali, and chloride of the 
metal; Bz Cl + 2 K 0 = K 0, Bz 0 + K Cl. With dry 
ammonia it yields benzamide : with alcuhol it produces benzoic 
ether and hydrochloric acid. Ae 0, H 0 + Bz Cl = Ae 0, Bz 
0 4- H Cl. When acted on by metallio bromides, iodides, 
sulphurets, or cyanides, it produces metallic ohlorides, and 
bromide, iodide, sulphurot or cyanide of benzoylo. When it acts 
oirtho salts of organic acids, it gives rise to anhydrous organic 
acids or anhydrides (see above). The bromide of benzoyle is a 
crystalline solid, in other respects analogous to the chloride. The 
iodide and sulphuret of benzoyle aro also crystallisable : the 
cyanide is a liquid having an odour like that of cinnamon. 

4. Benzamide. Cu N H? O 2 ss Cu IIs Oa + N Ha — Bz Ad. 

This compound is formed when dry ammonia acts on chloride 
of benzoyle, Bz Cl -f N Ha, H = Bz, N Ila 4 * H Cl : also when 
hippurie acid (which see), is boiled with peroxide of load, and 
when anhydrous benzoic acid is acted on by ammonia. When 
prepared from the chlorido, it is accompanied by sal ammoniac, 
formed by the hydrochlorio acid produced, with the excess of 
ammonia. This is removed by cold water ; and the benzamido 
being dissolved in hot water, crystallises on cooling. It forms 
fine soft needles or pearly scales, very fusiblo and volatile. Like 
other amididos, it yields ammonia when boiled with alkalies, 
while a benzoate is formed. 

5. FomoWilic Acid. { Ca fl B ^ H + + h 0 5 * * * * * * * * * IS °“ + H 0 = Fo 0a ' 

This compound, which is a striking example of a coupled acid, 

is obtained by adding to distilled water some crude oil of bitter 

almondsf which always contains hydrueyanio acid (see Atnygda - 

line), and evaporating to dryness along with some hydrochlorio 

acid. From tho dry mass, ether dissolves the new acid, which it 

deposits as a crystalline powder by evaporation. In this process, 

the hydrocyanic acid, under the influence of hydrochlorio aoid, is 

converted, along with the elements of water, into formic aoid 

and ammonia. The latter combines with the hydrocyanic acid, 
the former with the hydurot of benzoyle, yielding forinobenzoilio 
acid. With bases this acid forms salts, in which the quantity of 
base neutralised is exactly that which would be neutralised by 
the formic acid alone. Their formula is M 0 4- Fo Os , Bz H ; 

by which it is scon that the hyduret of benzoyle has entered into 
the radical of the acid, without altering its power of saturation ; 
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and perhaps the rational formula of the acid ought rather to be, 
(Fo O* , Bz H) 4- H ; and that of the salts, (Fo O* , Bz EL) -f M ; 
which exhibits this view still more clearly. 

6. Benzoate of Hyduret of Benzoyle. Cha His Os = Bz 0, HO + 2 Bz H. 

This compound is formed when moist ohlorino is passed 
through the oil of bitter almonds. Hydrated benzoic acid is 
formed, which unites with tho unchanged hyduret. The action 
of moist chlorine in producing hydrated benzoio acid is as fol- 
lows : Bz H 4- 2 H 0 4- CL = 2 H Cl + Bz 0, H 0. The new 
compound is crystalline, insoluble in water, soluble in alcohol 
and ether. It is volatile without decomposition. An alcoholic 
solution of potash dissolves it, and converts it into benzoate of 
potash. 


7. Hippuric Acid. Cie N Hu Os + H 0. 

This acid is found in very considerable quantity in tho urine 
of herbivorous animals, such as the horse and cow, more especially 
when stall-fed. It has also been lately discovered by Liebig in 
human urine. It is easily obtained by boiling down to a small 
bulk the fresh urine of the horse or oow, after adding an excess 
of milk of lime, and acidulating with hydrochloric acid. On 
standing, the liquid deposits brown crystals of hippuric acid, 
which may be decolorised by boiling with excess of lime, and 
enough of boiling water to dissolve all the hippurate of lime, and 
adding to the strained solution hydrochloric acid in excess, when 
the hippuric acid is deposited. A repetition of this process renders 
it quite white. If benzoic acid be present, it is removod by ether. 

The pure acid forms pretty large semi-opaque four-sided 
prisms, sparingly soluble in cold water, very soluble in hot water, 
and in alcohol. When heated, it melts, and gives off' benzoio 
acid, benzoate of ammonia, and an oily matter, Wnich has 
a very fragrant odour like that of the tonka bean. By nitric acid 
it is converted into benzoio acid. Heated with peroxide of 
manganese and sulphuric acid, it yields ammonia, carbonic acid, 
and benzoic acid ; boiled with peroxide of lead, it yields benzamide 
and carbonic acid. 

AVith bases it forms salts, most of which arc soluble and 
crystallisable. 

Hippuric acid may be viewed in two ways ; first, as a com- 
pound of benzamide with an acid, C* H Os (fumario or aconitio 
acid ?) and it is remarkable that Sohwartz, who has lately studied 
the hippurates, observod a very great similarity to tho fumarates ; 
as if tho hyduret of benzoyle were simply taken up into the 
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molecule of these salts, without much affecting their properties ; 
secondly, as composed of kyduret of benzoyle, hydrocyanic acid, 
and formic acid. Either view readily accounts for its easy 
decomposition into benzoic acid and other products. As an ingre- 
dient of the urine, this acid is important ; and we shall hereafter 
see that benzoic acid, taken into the system, appears in the urine 
as hippurio acid. 

But Dessaignos has recently shown, that, when hippuric acid is 
belled* with stronger acids for some time, it is decomposed, and 
yields benzoic acid, which crystallises oil cooling ; while tho 
mother liquid, on further evaporation, yields tine crystals of tho 
salts formed by tho combination of glycocine with the acid 
employed. In fact, glycocine, according to Dessaignes and to 
Horsford, is a basis quite analogous to urea; and its salts, with 
the mineral acids, form double Balts, and appear to act as acids, 
which is also the case with urea. If to 

Hippmie Acid . . . . . . . . ('11 N I1d Oa 

We add 2 eq. Water 1 L O2 

CV N Hu Os 

And from the sum deduct 1 eq. liydiated benzoic acid . (h* II n 0* 

There remains Ci N U& 6* 

And this is the formula of glycocine. Hippuric acid, therefore, 
may be regarded as composed of anhydrous ben zoic acid and 
anhydrous glycocine ; as a coupled benzoic acid, in which glycocine 
is the copula, which does not affect the neutralising power of tho 
benzoic acid, llippurio acid, when acted on by nitric acid, yields 
a new acid, nitrohippurio acid, very similar to hippuric acid. Its 
formula is Ci» H 3 H» O10, and it is hippurio acid, in which 1 eq. 
of hydrogen is replaced by N 0* , or nitrous acid. 

We have seen that hippurio acid may be regarded as consti- 
tuted in^hree ways ; namely, as 

Fumade Arid. 

Bcnzamide Ci* N H? Oa + C* H Oa , HO = Cm N H» 0 $ , II 0 . 

Formic Acid. 

^oyle^ } Cl * Ho0 *+ C “ N H + O2H OiH 0 = Cm N H.O., H 0 . 

Glycocine, dry. 

Benzoic acid, dry CuHsOs + C*N H *03 = CiaN HsCk, H 0 . 

But the recent researches of Socoloff and Strecker tend to show 
that a fourth arrangement is the true one. They regard hippurio 
acid as the amide of a new acid, benzoglycolic acid, Ci* 0 8 = 
Cis H7 Or, H 0 . Supposing this acid to act on ammonia, the 
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result would bo, as w^li amides generally, C 1 s Hb 0 8 +N H 3 = 
2 H 0 4 Cis N Ih Ob, HO. On this view, the name and constitu- 
tion of hippuric acid will be bcnzoglyoolamidic acid = C,* II7 Oo 
N Ha , and the addition of 2 eqs. of water will suffice to convert it 
into benzoglycolato of ammonia, as is the case with other amides. 
"When it is heated with acids, however, a dilFerent result ensues ; 
benzoic acid being formed on tho one hand, and glycocine on the 
other. The reason of this will presently appear. 

Benzoglycolie Acid , Cis H7 O7 , Ii 0 = Cis ids Os . This acid is 
formed when hippuric acid is acted on by hyponitrous acid, an 
agent which generally reproduces from amide tho acids which 
had yielded them. Cis N Ho Oo 4- N Os =s 1TO 4* K. + Cis 11s O s . 
This reaction is of itself a strong argument in favour of the idea 
that hippuric acid is the amide of benzoglycolie acid. This acid 
is crystalline, sparingly soluble in cold water, soluble in alcohol 
and ether. It is decomposed by heat, and even by boiling with 
water. Its salts are generally soluble and erystullisable. When 
boiled with acids, it is rapidly decomposed, yielding benzoic acid 
and a new acid, glycolic acid , 

Glycolic Acid , C* II 3 O s , II 0 = C* H* O 0 . This acid is formed 
in tho manner just described. Thus, Cis II« O a 4- 2 HO = 
Cu 11a O-4 4- C* IH O0. When purified, it forms a syrup, like 
lactic acid, which is decomposed by heat. In fact, glycolic acid 
is homologous with, and perfectly analogous to, lactic acid, 
Co IIo Oo . Benzoglycolie acid is composed of dry benzoic and 
dry glycolic acid. Cis Hs Os = Cu Hs Os 4’ C* Hs Oa . And 
glycocine (glyeoeoll) is the amide of glycolic acid. C* II* Oa 4“ 
JN r II3 = Cj, N Ils Oi 4- 2 II 0. We can now see how it is that 
hippuric acid, although it be the amide of benzoglycolie acid, does 
not yield that acid and ammonia, when boiled with acids, but 
benzoic acid and glycocine. The benzoglycolie acid is at first 
formed, along with ammonia ; but it is immediately decomposed 
into benzoic and glycolic acid, and the latter, with the cminonia, 
forms water and glycocine. 

It has been stated that glycolic acid is tho lowest member of 
a homologous series of acids, of which the next is lactic acid. 
The only other member known is the fifth, and that has only been 
discovered, not named nor studied. Besides this, we have 
glycocine as tho first member of a homologous series of bases, of 
which alanine is the second, and leucine the fifth. And in like 
manner, benzoglycolio and hippuric acids must bo the lowest or 
first members of two other homologous series of acids. Of the 
former of these two, the second member is known, namely, 
benzolaotio acid, which is quite analogous to benzoglycolio acid. 
Thus we have 
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Glycocino Series. Alanine Series. ( Leucine Series. 

Glycolic acid C4 H* Oo Lactic acid Oh Ho Oa Lencic acid C12 H12 On 
Glycocine C* N O4 Alanine CeN^O* Leucine CwNHmO* 

"rSir}t-“ isssr} 0 ” 11 ” 0 ' • «-=- »■ 

Hippurio acid Cis N He Oo ? Cho N Hi 1 Ou ? Cao N H17 Os 

Of tho intermediate series, with Cs and C 10 , as well os of those 
with C14 and upwards (in the first acid and base, corresponding to 
gljfcoljo acid and glycocine) nothing is known ; but these will in 
time he discovered. 

PRODUCTS OP THE TRAXSFOM^TION OF THE COMPOUNDS OF 
BKNZOYLE. 

1 . Hyposulphobenzoic Acid. CuH*Os + S2O5 + 2 H 0 . 

A bibasio acid. Formed when anhydrous sulphurio acid acts 
on crystallised benzoic acid. Cm Ha Oa , H 0 4- 2 S O 3 = On 
Hi Oa 4- S» Oa + 2 H 0. The acid is soluble and crystallisable, 
and forms with baryta a soluble and crystallisable salt, from 
which the acid may be obtained by tho action of sulphurio acid. 
It forms two series of salts, one with 2 eq. of fixed base, the other 
with 1 eq. of fixed base and 1 eq. of water. 

2. Bromobenzoic Acid. C29 Ho Br Os + 2 H 0. 

A bibasio acid. When the vapour of bromine is allowed to 
act on benzoate of silver at the ordinary temperature, there is 
produced this acid, along with bromide of silver and hydro- 
bromic acid. 2 eq. of benzoate of silver and 4 eq. of bromine 
yield 1 eq. bromobenzoio acid, 1 eq. hydrobrornic acid, and 2 eq. 
bromide of silver. 2 (Cm Hb Oa Ag 0) 4- . Br* = Cos H« Br. 
O a 4- H Br + 2 Ag Br. Ether dissolves the acid and deposits 
it on evaporation, in a confused mass of crystals, very sparingly 
soluble fh water. When tho acid crystallises, it takes up 2 
eq. of water. With bases it forms salts, which aro generally 
soluble and crystallisable. Their general formula is Cas Ho Br 
Oa, 2 MO, 

3 . Nitrobenzoic Acid. CmH^NOjHO* 

Formed when nitric acid acts on benzoic acid. It is a 
crystalline volatile acid, and contains the elements of benzoio 
acid, in which 1 eq. hyponitrio or nitrous acid has been 
substituted for 1 eq. hydrogen. Cm Ha O 3 — II 4* N 0* 

== Cm ^ ^ q 4 Oo ; and the basic water of the benzoic acid unites 
with the new acid as with the old. 
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4. Benzole. C 12 Ho . 

Syn. Benzine. Bcnzbne. JPhdne, — Occurs in the volatile 
liquids condensed from oil gas ; but is best obtained in a state 
of purity by distilling 1 part of crystallised benzoic acid with 
3 of slaked lime. It is a limpid, colourless liquid, of an agreeable 
etherial odour. Its Sp. G. is 0*85 ; it boils at 186°, and at 32° it 
becomes solid. It is insoluble in water, soluble in alcohol and 
ether. In its formation, 1 eq. of benzoic acid yields 2 eq. carbonio 
acid and 1 cq. benzole, the carbonic acid uniting with the* liifte, • 
Cx*H fl 0 3 , HO = Cia Ho + 2CO*. 

5. Sulphobenzidcy Cia Hr S Oa . When anhydrous sulphuric 
acid acts on benzole, a viscid mass is formed, from which, by the 
addition of water, is separated a new compound, which may 
be dissolved and crystallised by means of ether. Cia Ha 4* 
S 0» = II O 4- Cia Hr , S Oa . Sulphobcnzide is quite neutral. 
G. Hypomlphobenzidic Acid . — This acid is found in the liquid 
from which the preceding compound has been deposited. Its 
formula is Cia Hr Sa Os , -f 0. It may be viewed as formed by 
the action of 2 eq. of dry sulphurio acid on 1 eq. of benzole, 
Cia Ho 4- 2 S 03= Cia Us , Sa Oa II 0 ; or as formed by the 
combination of sulphobcnzide with oil of vitriol, C 12 Hr S Oa 
4- II 0, 8 O 3 . Either view readily explains its formation. The 
acid is best obtained pure from its salt with oxide of copper 
(which crystallises very easily), by the action of sulphuretted 
hydrogen. It is very soluble and may bo crystallised. It has 
a very acid taste, and neutralises bases, forming crystallisuble 
salts. 7. Nitrobenzole , Cia Hr N 0* . Syn. Nitrobenzide. — Formed 
when benzole is dissolved to saturation in fuming nitric acid, 
and water added to the hot solution. On cooling, the nitrobenzole 
falls to the bottom as a heavy oil. It is, at 60% a yellow liquid, 
very sweet to the taste, with an odour like that of cinnamon ; 
it boils at 434°, and solidities at 37°. Its Sp. G. is 1*209. It is 
insoluble in water, soluble in alcohol and ether. It © formed 
from 1 eq. benzole and 1 eq. nitric acid, C 12 H« 4* N 03=i* 
H 0 4- C 12 Hr, N O 4 . By the action of reducing agents, such 
as sulphuretted hydrogen, nitrobenzole loses the whole of its 
oxygen, and taking up 2 eqs. of hydrogen, it is transformed into 
aniline, Cia N II 7 . (See Aniline .) Nitrobenzole may be viewed 
as benzole, Cia Ho , in which 1 cq. hydrogen is replaced by nitrous 

acid, Cia I while in aniline this oq. of hydrogen is replaced 

by amide ; Cia H 7 N = Cia ^ ^ j • By the further action of 
nitric acid, nitrobenzide is converted into dinitrobonzole, Cia H* 
NaOs = Cug | in which a second eq. of hydrogen is 
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replaced by nitrous acid. This compound, aoted on by hydro- 
suiphuret of ammonia, yiolds nitraniline, a base, the formula of 

which is C12 ^°q 4 j N, corresponding to aniline C12 II7 N. 

8. Azohenzide , C12 Hs N. — This compound is formed when an 
alcoholio solution of nitrobenzidc is distilled with dry hydrate of 
potash. After the alcohol has distilled, the azohenzide vola- 
tilises, forming large red crystals, fusible at 150°, boiling at 380°. 
In*thq production of this compound alcohol takes a part, and 
there are formed, besides azobenzido, aniline, water, and oxalio 
acid, which remains combined with tlic potash, 2 (C12 11© N 6*) 
+ C* He O2 =3 C12 H© N + C12 ID N + Cs 0 3 + 3 H 0 . 

9. Chloride of Benzole, C12 He Cle. — Formed when chlorine gas 
and benzole arc exposed to the sun’s rays. It is a colourless crystal- 
line solid. 10. Chlorobenzine , C12 He CI3 . — Obtained by distilling 
the preceding compound with hydrate of lime, as a colourless 
oily liquid. — Bromine forms with benzole analogous compounds. 

Benzole, as already hinted, is the starting-point of a series 
of homologous compounds, the general formula of which is 
Ca Hn — a, and the common difference, added at each step, is 
C* Ha, These compounds are all fragrant aromatic volatile oily 
liquids, or as we rise in the scale, fusible solids. They all admit 
of their hydrogen being replaced, apparently to tho extent of 1, 2, 
or 3 eqs., by chlorine, bromine, nitrous acid, and amide, and in 
the last case they give rise to bases, of which aniline or plienyla- 

mine, C12 II7 N, or C12 j.j 2 j , is the type. Here we see amide 

combined with the group C12 Hs, (C 12 lio (benzole) minus H.) 
Hence aniline may be regarded as ammonia N H 2 , H, in which 
the last cq. of hydrogen is replaced by Cia Ho . To tho group 
we give the namo phenyle, and hence aniline is also called pho- 
nylumine. Benzole may bo regarded as the hyduret of phenyle. 
C12 Of course the homologues of benzole, namely toluol e, 

xylole, and cumole, as they yield bases homologous with aniline, 
give rise to a series of groups or radicals, homologous with 
phenyle, and the general formula of which is Cn llu — 7 . Since 
benzole, although derived from benzoic acid, whioh contains 14 eqs. 
of carbon, has itself only 1 2 eqs. of carbon, it oannot contain the 
radical benzoyle, but is itself a new radical, derived from it ; just 
as aoctyle, derived from ethyle, contains 2 oqs. of hydrogen less 
than ethyle. The following table will show some of the deriva- 
tions of benzole, and indicate the homologous series to which 
each belongs. Only the compounds connected with benzole are 
here named, the formula) only of those higher in the series being 
given; — 
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11. Benzophenone. C«o Hio Oa ss Gia Ha + Cu Ila O2 . 

This compound, which may bo regarded as formed by the union 
of the radicals phonyle and bcnzoyle, is obtained, along with other 
products, when benzoate of lime is distilled with a little lime. A 
red liquid passes over, which is rectified. These then distil, first 
benzole or hyduret of plienyle, mixed with other bodies ; then, 
the temperature rapidly rises till it reaches 600° F., the receiver 
is changed, and tho liquid, which distils between 000° and 620°, 
is collected apart. It is nearly pure benzophenone, and on stand- 
ing concretes into a mass of crystals. It is purified by recry.stal- 
lisation in a mixture of alcohol and ether. It forms very fine 
large transparent crystals, which are Thombic prisms. It melts 
at 115° F., and boils at 600°; is insoluble in water, soluble in 
alcohol, and still more in ether. 

Its formation from benzoate of lime is thus explained, 2 (Ca 0, 
Ci4 Ha Oa) = 2 (Ca 0, C Oa) + Cae Hio Oa. 

The presence of benzoic is due to a scoondary decomposition, for 
benzoic acid, with excess of lime, yields benzolo ; and benzo- 
phenone, with caustic alkalies, also yields benzolo and b» nzoato. 

But along with the benzophenone are found two carbohydrogens, 
wjdch are isomeric or polymerio with naphthaline. These ure 
ffeoth crystalline, fusible and volatile, but differ in their solubility 
in alcohol and ether. Naphthaline is C20 Hs , and if wo suppose 
these bodies to be, one C20 Hs , isomeric with naphthaline, and 
the other Cso H12, polymeric with naphthaline, we can understand 
their formation from benzophenone. For 2 (Caa Hio Oa ) = 2 0 Oa 
4- Cao Hs + Cso Hia. 

With nitric acid, benzophenone yields a new compound, in which 
2 eqs. of hydrogen are replaced by 2 eqs. of Nitrous Acid. This 

is binitrobenzophenone, C2« 2 ^ j Oa • When this is acted on 

by sulphuretted hydrogen, it yields a compound which has been 
called filVine, from its yellow colour, but which is really <liphe- 
nyle-urea, that is urea in which 2 eqs. of hydrogen arc replaced 

by 2 eqs. of phenylo. Caa 2 $ j Oa 4 12 H S = Ria 4 8 II 0 
4- Caa Hia Na Oa. This last formula is that of the new body, for 
urea C# Ha Na Oa , and dipbcuyle-uroa is Ca 2 tt 1 1 
Na^a^Caa HiaNaOa. ^ ^ 

T|[e mixed . liquid obtained by distilling benzoate of lime was 
formerly ^desefibed as benzone C13 Ha 0 ; a formula in itself im- 
probable^ from the occurrence of an odd number of eqs. of carbon. 
Fjjqmr present more exa^t knowledge of these ourious products, 
we a|i%debWd to Cha&eL 
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12. Hydrobenzamide. His Na. 

When 1 vol. hyduret of benzoyle and 20 vol. of strong aqua 
ammoniae are exposed in a hermetically scaled vessol to a tem- 
perature of from 105° to 120°, it is converted after a time into a 
crystalline mass, which is to be washed with ether. The residue 
dissolved in alcohol, yields, by spontaneous evaporation, regular 
crystals of hydrobenzamide. In its formation, 3 eq. hyduret of 
benzole, and 2 eq. ammonia, produce 1 eq. hydrpbenzitmidjo 
and 6 eq. water. 3 (Ci* H fl O a ) + 2 N Hs = C± a Hi 8 N a *f 
6 HO. 

Hydrobenzamide, by the action of heat, or by boiling with 
caustic potash, is converted into the base amarine, isomeric 
with it. 

Nitric acid acts upon hydrobenzamide, producing nitrohydro- 
benzamide, in which 5 eqs. of hydrogen are replaced by 5 of nitrous 

acid, Cm o 4 ) 5 n »- 

When this substance is boiled with potash, it is transformed 
into nitramarino, a base, isomeric with it, and which is amarine, 
with 5 eqs. of nitrous acid replacing 5 eqs. of hydrogen. 

Tf, in preparing hydrobenzamide, we employ the crude oil of ; 
bitter almonds, we obtain a yellow resinous mass, which is a 
mixture of hydrobenza7nide } benzhydr amide , azobenzoyle , and azotide 
of benzoyle , all of them discovered by Laurent. 13. Benzhy- 
dr amide is isomeric with hydrobenzamide, but is not converted, 
like the former, into hyduret of benzoyle and sal ammoniao by 
the action of hydrochloric acid. 14. Azobenzoyle , Cm His Ns, 
is much less soluble in alcohol than the preceding. It is derived 
from benzoyle as follows: — 3 (Ci* Hs O a ) + 2 N II 3 = Cm Hi 8 
N a + 6 H 0 . 15. Azotide of benzoyle , Cu Hs N, is quite inso- 

luble in boiling alcohol. It may be derived from anhydrous 
benzoic acid as follows : — Cu Ha 0 3 + N H» = Ci? H 5 N 
+ 3HO, 

It may here be mentioned that aniline, whioh is analogous to 
ammonia in constitution and relations, also acts on hyduret of 
benzoyle, and gives rise to a new body, hydrobenzanilide, analo- 
gous to hydrobenzamide. 1 eq. of the hyduret, and 1 eq. of 
aniline, losing 2 eqs. of water, yield 1 eq. of hydrobenzanilidb, or 
benzoylanilide, as it is oalled. Cu Ho On 4- Cu II 7 *N = 2 H 0 -f* 
Cae Hu N. No ’doubt, methylamine and ethylamine, which are 
so much more analogous to ammonia, will yield analogous 
products. 

Even urea, a substanoe whioh, though , feebly basic, is yet not 
analogous to ammonia in constitution, acts hi a somewhat siAqlar 
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way on th« jbyduret of benzoyle, yielding water and a new pro- 
duct, benzoyle-ureido, Coo Hm Nb Ob. Thus, 3 (Cit Ho Oa)-f- 
4C» Haifa Oa=6HO + C»oH M Ns Os. 


16. Benzostilbine. CaiHnOa. 

Rochleder has shown that when hydrobenzamide is heated with 
fused potash, till the mass begins to blacken, three new sub- 
stances are formed ; namely, a yellow oil in very small quantity, 
and two solid crystalline compounds, Benzostilbine and Benzo- 
lone. Benzostilbine is best obtained by heating only till the mass 
becomes like gamboge. It is then purified by solution in alcohol, 
which dissolves it readily when the yellow oil is present. When 
the oil is destroyed by a little chlorine, the benzostilbine is imme- 
diately dei osited in small colourless crystals of silvery lustre, 
which are insoluble in water, sparingly soluble in alcohol, and 
soluble with a blood-red oolour in oil of vitriol, from which water 
precipitates it unchanged. 


17. Benzolonc. CulIiO. 

This compound is formed in greatest quantity when the 
mixture of hydrobenzamide with potash is heated till it becomes 
blackish brown. The mass is thon washed with water, and 
dissolved in oil of vitriol, to which it gives a splendid red colour. 
The addition of weak alcohol now causes the benzolonc to 
separate in small crystals. 

It is obvious that the two preceding compounds contain the 
whole carbon of the hydrobenzamide, without any of its nitrogen, 
and they may both bo derived from it by the addition of 3 oq. of 
water, and the elimination of 2 eq. ammonia, 


1 eq. hydrobenzamiile 
Sheq. ■water 

may yield 

1 eq. benzostilbine . 

1 eq. benzol one 

2 eq. ammonia 


. Hi» Na 
. IB, Ob 
Chi Hai Na 0» 

Cai Hn Oa 
Cn Hi 0 
N a 

04a Iliii Na Os 


It would appear, however, that benzolonc is also formed from 
benzostilbine, which is first produced, and then decomposed by 
the increased heat. Benzostilbine in fact contains the elements 
of 2 eq. benzolonc, with an excess of carbon and hydrogen, which 
are’ partly given off in the form of carburetted hydrogen, and 
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hydrogen, water also being decomposed, the oxygen of which 
combines with part of the carbon, to form carbonic acid, which 
combines with the potash. 

18. Amarine. C*a His Ns. 

When the hydurct of benzoyle, or rather, the oil of bitter 
almonds, is acted on by ammonia and, alcohol, there is found an 
organic base, to which Laurent, its discoverer, has given the 
name [of amarine . Its formula is C«HisN 2 ,and it is, there- 
fore, isomeric, or polymeric, with hydrobenzamide. It is a well- 
marked base, and we shall return to it as such. 

19. Lophine. (hoILoNa. 

When hydrobenzamide is subjected to tho action of heat in 
close vessels, there is formed, among other products, a new 
organic base, which Laurent has named lophine . It has distinct 
basic properties, and will be again referred to in the section on 
organic bases. Its formula is Cm IIio Ns. 

The formation of this and of the preceding compound is very 
interesting, as proving tho derivation of bodies having the high 
atomic weight of the organic bases from bodies of lower equiva- 
lents : these bodies, as well as the isomeric hydrobenzamide and 
benzhydramide, being all derived from tho hyduret of benzoyle, 
Cu lift Oa . There may be some doubt as to the atomic weight 
of indifferent bodies, such as hydrobenzamide; but there is 
hardly any as to that of the bases above mentioned, which are 
evidently formed by the coalescence of 3 or more eqs. of the 
hydurct of benzoyle, since 1 eq, contains 42 or 46 eqs. of carbon, 
while the hyduret only oontains 14 eqs. of that element. 

20. Benzimide. Can N Hu O*. 

According to Laurent, this compound is found in the onide oil 
of bitter almonds. It is crystallisable, and appears to bo Cefcom- 
posed by acids into benzoic acid, and ammonia. It may be 
derived from anhydrous bibenzoate of ammonia by the sepa- 
ration of 2 eq. of water. Oas Hio Oc -f N Hs = Cm Hu 
NO* *f 2 H 0. But this is not probable. A compound pre- 
cisely similar is obtained when an alcoholic solution of potash is 
added to a mixture of hyduret of benzoyle and strong hydro- 
cyanic acid ; but this compound yields with acids ammonia and 
hyduret of benzoyle. 

21. Bemsoine. OssIfraO*. 

Polymeric with hyduret of benzoyle. It is formed when an 
alcoholic solution of potash, or sulphuret or cyanide of potassium* 

h 
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acts on the crude oil of bitter almonds, containing hydrocyanic 
acid. It separates in a congerios of small crystals, insoluble in 
water, soluble in alcohol. It may be volatilised without change. 
Sulphuric acid dissolves it with a violet colour. Hydrate of 
potash melted with it, forms a benzoate of potash, with dis- 
engagement of hydrogen. It dissolves with a violet colour in a 
hot alcoholic solution of potash, and is converted by boiling with 
it into benzilic acid. When its vapour is passed through a red- 
■hot tube, it is converted into by dure t of benzoyle, or, at least, 
into an oil smelling like that compound, and passing into bonzoic 
acid on .exposure to the air. By tho action of chlorine it loses 
hydrogen, and is converted into Benzilc , a compound having tho 
composition of the radical benzoyle. 

The action of hydrocyanic acid in promoting the formation of 
benzoine is not yet explained ; but it is certain that from pure 
hyduret of benzoyle we cannot procure it, while the addition of 
hydrocyanic acid ensures its formation. It is, probably, formed 
by the simple coalescence of 2 cqs. hyduret of benzoyle, and the 
derivatives of benzoine most likely agree with it in containing 
28 eqs. of carbon. 

22. Hydrobenzomaraide. 

Syn. Benzoinamide. — Isomeric, or polymeric with liydroben- 
zamide. It is formed by exposing a mixture of benzoine and 
ammonia to a moderate heat ; and appears as a white tasteless 
powder, volatile without decomposition. 

23. Benzoinam. Cao N* Hs* Oa . 

When a mixture of ammonia, alcohol, and benzoine, is left for 
several months in a Closed bottle, there are formed many pro- 
ducts, among which are the preceding compound, benzoinamide, 
and a new substance, benzoinam , which is with difficulty purified. 
It fb^ns small white needles, the formula of which is Cm Na Ha* 
Oa . It is evidently formed by the ooalesoence of 2 eq. benzoino 
(itself produced by the ooalesoence of 2 eq. hyduret of benzoyle), 
while ammonia is taken up, and water separated. Thus 2 eq. 
benzoine = Cm Ha* Os, plus 2 eq. ammonia Na Ho, and minus 6 
eq. water, Ho Oa , are equal to Cm N a Ha* Oa. 

Benzoinam dissolves in acids, and is precipitated by alkalies ; 
it seems, therefore, to have the characters of a weak base. 

24. Benzile. CasHioO*. 

Syw. Benzoyle . — It is, formed by the aotion of ohlorine gas on 
melted benzoine, or by heating benzoine with nitrio acid. When 
cold the mass is boiled with alcohol, which on cooling deposits 
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benzile in crystals, whioh are yellow six-sided prisms ; insoluble 
in water, soluble in alcohol and ether, melting at 190 3 , and 
volatile without decomposition. An alcoholic solution of potash 
dissolves it with a violet colour, and converts it into benzilio 
acid. Benzile has the composition in 100 parts of the supposed 
radical benzoylo, but there is good reason to believe its equivalent 
to bo twice as high. 

25. Benzilic Acid. CaaHnOft + HO. 

Formed when benzilc or benzoine is dissolved in a hot alcoholic 
solution of potash, and boiled until the violet colony at first 
produced has disappeared, and is no longer restored by a fresh 
portion of potash. To the boiling solution of benzilate of potash 
hydrochloric acid is added in excess, aud on cooling the benzilio 
acid is deposited in colourless brilliant crystals, fusible at 248°, 
not volatile, but yielding, when heated, benzoic acid, and purple 
vapours. Sulphuric acid dissolves it with a bright crimson 
colour. Its formation is explained as follows : — 1 eq. of benzile 
takes up 2 eqs. of water, one of which is incorporated in the 
acid; while the other is replaceable by bases. C«s IIio 0* 4* 
2 II O = Cits II n O s -f II 0. Benzilate of potash forms large trans- 
parent crystals, soluble in water and alcohol. 

2G. Azobenzoide — C84H33N5? Obtained %y adding ammonia 
to the oil produced when bitter almonds are distilled per 
descensum, and dissolving away by means of ether all other 
products. A white powder, decomposed by heat. Its formula 
is doubtful. 

27. Cyanobenzile . — Formed when an alcoholic solution of ben- 
zile is warmed w T ith 1 of its volume of concentrated hydrocyanic 
acid. It is deposited in large transparent orystals, the composi- 
tion of which is not yet known. 

28. Xlyduret of Sulphobeazoyle. CuHsSa, II. 

One vol. of crude essence of bitter almonds is dissolved in 8 or 
10 of alcohol, and gradually mixed with l vol. of hydros ulphuret 
of ammonia. After a time, the mixture deposits a fine white 
powder, formed of grains smaller than those of starch, which 
give to the fingers a very persistent odour of garlic. It is inso- 
luble in water and alcohol. Ether liquifies it, but a few drops 
of alcohol restore its solid form. It may be considered as the 
hyduret of a new radical, in which the oxygen of benzoyle has 
been replaced by sulphur. When heated it melts, and if now 
allowed to cool, forms first a transparent plastic mas9, and after- 
wards a brittle glass. If kept melted for some time, it crystal- 
lises, but is now altered. 

L 2 
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29. Stilbene. Ca« Hu. 

When the preceding compound is strongly heated, it gives off 
a large quantity of sulphuretted hydrogen, and a little of a 
liquid, apparently bisulphuret of carbon. Continuing the heat, 
there distil over, first a substanoe crystallising in pearly scales, 
stilbene ; and later, a compound, crystallising in needles, called 
by Laurent, the discoverer, sulphessale . To obtain the stilbene 
^smre, the first crystals are dissolved in, boiling alcohol, which 
leaves undissolved tho other body, and on cooling deposits 
stilbene in tables. These being dissolved in hot other, form, by 
slow evaporation, remarkably line crystals, with the pearly 
lustre of stilbite ; hence the name. It is fusible and volatile, and 
ooinbines with chlorine and bromine. Nitric acid decomposes it, 
giving rise to several new products, Chromic aoid attacks it 
with violence, and reproduces hyduret of benzoylo. 

Chloride of stilbene is formed when chlorine is passed through 
melted stilbene. It appears in two isomeric modifications, a 
and b, both of which have the formula Cas II 12 , Cl 2 , but crys- 
tallise in different forms. By the action of a boiling alcoholic 
solution of x>otash, each loses 1 eq. of hydrochloric acid (or its 
elements), and thus they produce two isomeric modifications of 

a new compound Ibas j q 11 which Laurent calls Chlostilbasc ; 

and in which 1 cq. of the hydrogen of stilbene is replaced by 
chlorine. One of these is called Chlostilbasc the other Chlo- 
stilbase b . Both are oily liquids, but they are distinguished by 
the action of bromine, which combines with both, producing 
again two isomeric compounds, both crystallisable, but in entirely 

different forms. Their empirical formulae are, a C»s f -f Br* 

i xr 1 

q + Br*. We do not yet know what is the dif- 
ference between theso two compounds, but there must be a 
difference. It is, perhaps, that the particular atom of hydrogen 
replaced by chlorine is not the same in each, or it may be, that 
while one of them is represented by the formula above given, the 

H 10 ) 

other is C 8 8 Cl > , H Br. Or, again, one of them may be 
Br ) 

C ^ | , H Cl. All these expressions, and many more, come 

under the same general formula* 

Along with chloride of stilbene is formed another compound, 
chloride of chlostilbase, analogous to these bromides of chlostil- 

base. It is a crystallisable solid: formula, C a |^ u + Cla. 
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Bromine combines with stilbene, forming the bromide of 
stilbene, C 28 Ilia , Bra , which is a white powder. 

When stilbene is boiled with nitric acid, it forms several com- 
pounds not yet fully examined. Among these arc Nitrostilbase, 
Nitrostilbfcse, and Nitrostilbic aoid. The latter, according to 
Laurent, is Cas Hu N Oi*. 

30. Hyduret of Sulphazobenzoyle , (Ci* H» Ng) H, or rather 
C*a Hig S* N a , is generally formed along with hyduret of 
sulphobenzoyle. It seems to be hyduret of benzoyle, in which 
the 2 eqs. oxygen of the benzoyle aro replaced partly by 
sulphur, partly by nitrogen. Besides these compounds, Laurent 
has described a hydrosulphuret of azobenzoyle, with the strange 
formula Ci*, Ha S N|. Ought it not rather to be Ci* Ha S N, or 
Cm H 24 Ns ? 


31. Bromide of Benzole. CiallftBra. 

This compound is formed as a white insoluble powder, when 
bromine acts on benzolo. An alcoholic solution of potash 
removes hydrobromic aoid (or its elements), and causes the 

separation of a white crystalline body, Cia j jj* which 

Laurent calls bromobenzinise ; and which •is formed by sub- 
stitution of bromine for half the hydrogen of benzole. The 

I TT 

g * 4- 3 H Br. 

32. Hydrocyanate of benzoine. — C*« Na His 0*, is formed as a 
light crystalline matter, when oil of bitter almonds is mixed with 
one-fourth its volume of dry hydrocyanic aoid, and warmed with 
its own volume of aqua potass®, Sp. G. 1*25, diluted with six parts 
of alcohol. It arises from the action of 3 eqs. hyduret of benzoyle 
and 2 eqs. hydroeyanio acid : 3 (Ci* H* Oa ) -f- 2 (Ca NH) = 
Cm NaHis 0* + 2 HO. , 

33. Hydrocyanate ofbenzile , Ci* Hs Oa -f C2 N H = Ci© N H« 
Oa , is formed by direct combination when a hot alcoholio solution 
of benzile is mixed with an equal bulk of anhydrous hydrocyanic 
aoid. It forms large colourless crystals. Possibly the body 
called Cyanobenzile mentioned above, No. 27, may be identical 
with this compound. 

The above is but a brief and imperfect notice of the numerous 
compounds which have been obtained from oil of bitter almonds 
by the various transformations and decompositions above men- 
tioned. Probably no substanoe has yielded so rich a harvest of 
discovery as this remarkable oil, and for our knowledge of the 
new products we are indebted to Liebig and Wohler, Mitscherlioh, 
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Zinin, RocHcder, but above all, to Laurent, who has discovered 
by far the greater part of them. 

In the recent work of Gerharclt on Organic Chemistry, the 
reader wiil now find the most complete account of all these com- 
pounds, as well as of many others which are not hefre inserted, for 
want of space, and also because those which have been noticed 
include the ohief products of the principal reactions, and will 
suffice to give a notion of the principles which regulate such 
"tFansformations. 

The study of these compounds has shed great light, and will, 
in future, shed much more, on the origin of the more complex 
organic molecules. In several instances, wo see 2 or 3 eqs, of 
hyduTet of benzoyle coalescing to yield 1 eq. of a new and more 
complex substance, either with or without a change in tho 
relative proportion of oxygen and hydrogen, and with or without 
the addition of nitrogen. According to Laurent, compounds exist 
in which 4, 6, and even 9 eqs. of tho hyduret have coalesced. 

It was mentioned, in a former part of this work, that our power 
of artificially forming bodies which occur as products of organio 
life, was limited chiefly to tho decomposition or splitting up of 
complex molecules, such as those of sugar, salicine, uric acid, or 
fibrine, into less complex molecules. 

But, although this is still true of the actual products of organic 
life which have been imitated in the laboratory, the facts above 
described show that, under certain circumstances, we can, from 
the less complex molecules, build up more complex ones, so as 
to produce, if not the actual products of organio life, yet substances 
entirely analogous to them, and equally complex. 

Thus, the artificial bases, amarine, lophine, and benzoinam, 
have equivalents higher than those of tho vegetable alkalies, 
morphia and quinine; and we have almost demonstrative 
evidence that these three compounds arise from tho reverse 
process that which yields urea, formic, oxalic, and salicylic 
acids. The latter are obtained by processes of oxidation , which 
tend to split up the more complex molecules into less complex 
ones : the former are, on tho contrary, built up out of tho less 
complex molecules, by processes of reduction . There are other 
cases, of recent discovery, which establish the same principle. 

Now we know, that the distinguishing feature of vegetable life 
is the power of reduction possessed by plants, which easily deprive 
oarbonic acid of its oxygen, on operation requiring a prodigious 
chemical force. 

We^re, therefore, warranted in concluding that wo shall in 
time succeed, by means of the various processes of reduction 
known to ohemists, (and possibly of new methods also), in pro- 
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ducing, for example, the vegetable alkalies, morphino, quinine, 
and strychnine. 

This consideration gives to the compounds of the Benzoyle 
series, and their derivatives, a high degree of interest, far sur- 
passing that which would attaoh to them as a mere list of new 
compounds, each possessing a distinot composition and distinct 
properties. 


BENZOIC ALCOHOL. 

The hyduret of benzoyle may be considered as tho aldehyde of 
benzoic acid, bearing to that acid the same relation as aldehyde 
docs to acetic acid. This has been already alluded to ; but some 
additional facts have rendered this view more probable. We have 
already seen that tho liydurct agrees with aldehydes in general in 
forming crystalline compounds with the bisulphites of potash or 
ammonia. 

Now Cannizzaro has shown that the oily liquid which separates 
when the hyduret is acted on by an alcoholic solution of potash, 
has the formula Cu, H s 0 2 , which has the same relation to the 
hyduret ^as alcohol has to aldehyde, and ho therefore calls it 
benzoic alcohol. It is a colourless oily liquid, heavier than water, 
and highly refractive, boiling about 400* F. Its rational formula, 
on the supposition that it is an alcohol, will be Ci* ID O, IiO, and 
the relations of the acid, the aldehyde and the alcohol, may bo 
thus compared with those of acetic acid, aldehyde, and alcohol. 


Benzoyle series. 
Aldehyde CuHaO* 
Acid Ci* Ho 0* 

Alcohol Ci* Hu Oa 


Acotyle series. 
C4 H* Oa 
C*H*04 
C4 Ho Oa 


This relation is not found in the formula only ; for benzoic 
alcohol is converted into hyduret of benzoyle, its aldehyde, by 
oxidising agents, just as alcohol is into aldehyde ; and th^ alde- 
hyde, by oxidation, passes into the acid in both scries. 

It would appear, therefore, that hyduret of beDzoylo possesses 
two different kinds of characters. We have seen that it exhibits 
those of a compound of hydrogen with the radical benzoyle, whicli 
may be made also to combine witli chlorine and other bodies. And 
on the other hand, it has the composition and chemical relations 
of an aldehyde, and in this view, is not a compound of hydrogen 
with benzoyle, II + Cu H 5 Oj , but the hydrated oxide of a 
different radical, 4 - (Ci* Ho) O, HO, the radical here being a 
oar bo-hydrogen Ci* Hs , analogous to acetylo C* H 3 . 

It is important to bear in mind, that a compound may not only 
bo represented by two different formulae, but may exhibit in its 
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chemical relation's two Bets of characters corresponding to the 
diife^htfomniss. 

tSterhardt 5 calls the benzoic aloohol hydrate of toluenyle, the 
Jattername, toluenyle, being that oi a supposed radical, Ci* H? 0. 
It tfill be seen that his formula is the same as that given above for 
the aloohol, namely Ci* Hr 0, HO ; only he regards it as the 
hydrate of an oxygenated radical, while Cannizzaro considers it 
as the hydrated oxide of the carbo -hydrogen Cu H 7 analogous to 
j^hylej and homologous with phenjle; thus (C 14 H7 ) 0 , HO. So 
that two different views may be taken of the constitution of the 
benzoic alcohol as well as of its aldehyde. 


APrENDIX TO BENZOYLK. 

1. Amygdaline, (ho N H*? Oaa. 

Is found in bitter almonds, in the leaves of the cherry laurel, 
and probably in tho kernels of all the bitter species of araygdalus 
andprunus, as the peach and plum. To obtain it, bitter almonds 
are pounded and forcibly pressed between warm iron plates to 
remove the fat oil (oil of almonds). The maro or residue is 
boiled with alcohol of 94 per cent., and tho tinctures distilled off 
in the water-bath to the oonsistenco of syrup. This liquid, 
wbioh contains amygdaline and sugar, is diluted with water, 
mixed with yeast, and set aside. When the fermentation is 
over, the* whole is filtered, and again evaporated to a syrup, 
which being mixed with a largo excess of cold aloohol (of 94 per 
cent.), or with half its bulk of ether, deposits the amygdaline as a 
white crystalline powder. This is pressed in folds of bibulous 
paper, and finally purified by repeated crystallisation from boiling 
alcohol. It forms crystalline scales very soluble in water, very 
sparingly soluble in cold alcohol, but more soluble in hot alcohol- 
It has i^bitter taste. When heated it emits an odour like that of 
Kay blossom, and leaves a bulky coal. 

When distilled with nitrio acid, or other oxidising agents, it is 
resolved into ammonia, hyduret of benzoyle, benzoio acid, formic 
acid, and carbonic acid- Caustic alkalies convert it into ammonia 
and amygdalinio acid : permanganate of pot&sh converts it into 
cyanate and benzoate of potash* 

2. Amygdslinie Add. C*o Hi# 0«* + HO. 

Prepared by boiling amygdaline with baryta as long as 
ammonia is given off, and then removing the baryta from the 
soluble amygdalinate of that base by sulphurio acid. By eva* 



AMYGDALINE, 


158 


poration it yields a transparent amorphous mass, which ha? a 
very pleasant acid taste. Nitric acid, and other oxidising agents, 
convert it into hyduret of benzoyle, with formio and benzoic 
acid. Its salts are almost all soluble ; their formula is C*o Hot 
O w + MO, 

3. Distilled Water of Bitter Almonds. 

Expressed bitter almonds are mado into a thin cream with 
water, and this distilled in the heat of a chloride of calcium bath, 
till a quantity of water has passed over equal in weight to thV* 
almonds before being pressed. The distilled water is milky, from 
suspended oil of bitter almonds, and smells both of hyduret of 
benzoyle and of hydrocyanic acid. When freshly prepared, it 
contains little more than 1 grain of hydrocyanic acid per ounce ; 
but its strength diminishes by keeping, and as it is diffioult to 
obtain it of uniform strength even when fresh, it is not a good 
form of administering hydrocyanic acid. It is remarkable that 
nitrate of silver does not detect the hydrocyanio acid, unless 
ammonia is added with tho nitrate, and after a time neutralised 
by nitric acid. It is used in medicine, especially on the Continent, 
and is poisonous. 

4. Laurel Water. 

Obtained by distilling two parts of fresh leaves of prunus 
lauroccrams with water till three parts have passed over. It 
exactly resembles the preceding water, and is equally uncertain, 
and equally poisonous. 

THEORY OF THE FORMATION 1 OF HYDURET OF RENZO YLE 
FROM BITTER ALMONDS. 

Bitter almonds contain, like sweet almonds, a large quantity 
of an albuminous or caseous matter, called emulsine or synaptase } 
along with abundance of a mild fat oil, the oil of almonds, very 
similar to olive oil. But in addition to these, the bitter almonds 
contain 4 or 5 per cent, of amygdaline, which is not present in 
sweet almonds. 

Now, if the amygdaline bo removed by boiling alcohol, the 
residue, when distilled with water, does not yield a trace of the 
volatile oil of bitter almonds. Again, if the residuo of tho bitter 
almonds, after the fat oil has been pressed out, be heated to such 
a point as to coagulate the emulsine, before water is addod, the 
distillation also yields no volatile oil, even although tho amygda- 
line be present. 

These faots prove that the production of the volatile oil of bitter 
almonds depends on the presence, iirst, of amygdaline ; seoondly, 
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of soluble emulsine ; and that it is the result of the mutual action 
of these bodies on each other. This is further demonstrated by 
the fact, that if amygdaline be placed in contact with the emulsine 
or synaptasc of sweet almonds , and water, distillation of the 
mixture now yields the oil abundantly. 

When the solution of 10 parts of amygdaline in 100 of water 
is added to a solution of 1 part of synaptase in 10 of water, 
mutual decomposition at once takes place : the liquid acquires 
the odour of hyduret of benzoyle and of hydrocyanio acid, and 
when distilled yields tho crude oil of bitter almonds, which is 
a mixture of these two compounds. Tho residuo of the distil- 
lation contains sugar in such quantity, that it is probable tho 
elements of the synaptase have contributed to form it ; and when 
this sugar is destroyed by fermentation, a fixed acid is found. If 
the synaptase has been coagulated, it has not tho slightest action 
on amygdaline. 

When the expressed bitter almonds are moistened with water, 
the very same reaction occurs ; and if enough water bo present 
to dissolve the oil as it is formed, the whole amygdaline dis- 
appears in a short time. But if the expressed almonds ho thrown 
into boiling water, the synaptase coagulates, and can then 
produce no change in the amygdaline. To obtain the full pro- 
portion of oil, 1 part of expressed almonds should be macerated 
for twenty-four hours with 20 parts of water at about 102°, and 
then distilled. 

100 parts of amygdaline produce 47 of crude oil, and these 
47 parts of crude oil contain almost exactly C of anhydrous 
hydrocyanic acid ; so that 17 grains of amygdaline dissolved in 
1 oz. of emulsion of sweet almonds, yields a mixture containing 
1 grain of dry hydrocyanio acid, and consequently of the same 
strength as tho distilled water professes to be. This mixture has, 
besides, the advantage of containing the hyduret of benzole present 
in. the diftilled water, to which is perhaps owing tho superiority 
of the distilled water of bitter almonds on laurel leaves over 
mere diluted hydrocyanio acid, a superiority which, according to 
the continental physicians, is very decided and obvious. Tho 
above simple recipe, given by Liebig and Wohler, is admirably 
adapted for extemporaneous use, and the mixture ought uover to 
be made in a larger quantity at a time, as, like the distilled water, 
it alters by keeping. 

In the above remarkable decomposition, we have a very 
beautiful example of a metamorphosis in which the elements of 
two bodies take a share ; but as the whole of tho products are not 
yet exactly known, and even the composition of the emulsine or 
synaptase is uncertain, we cannot explain the whole change with 
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precision. We know, however, that from 1 cq. amygdaline, CUoN 
II27 O22, the following compounds may be derived : — * 

1 eq, hydrocyanic acid . . . . . Cs NH 

2 eqs. hyduret of benzoyle Css Hi 2 0* 

J eq. sugar . . . . . . . 0® Ila Oa 

2 eqs. formic acid . . . . . . 0* II; Oo 

7 eqs. water H? O 7 

1 eq. amygdaline C*oNH27 O 2 


Also, 1 eq. amygdaline acid, C*o H 26 O 21 , may yield : — 


3 eqs. formic acid 

. Co 

Ha 0. 

2 eqs. hyduret of benzoyle 

. . C28 

His 0» 

\ ©q. sugar .... 

. Co 

Ha Oa 

6 eqs. water .... 

. . . 

Ho Oft 

1 eq. araygdalinic acid 

. ~G * 

Um’Om 


Now, wc can trace all these products among the results of this 
transformation ; and, it is probable, not only that there is moro 
sugar than can be accounted for by tho amygdaline, but also that 
other products, not yet known, are formed : as, for example, the 
fixed acid above alluded to. The eraulsinc or synaptase, which 
produces this remarkable change in amygdaline, in which it itself 
participates, contains nitrogen, is soluble in water, coagulable by 
heat, and in short very analogous both to albumen and caseine, 
along with which we shall again notice it. In the almond it 
appears to be accompanied by albumen. 

We have seen, above, that the assumption of the existence of 
the radical benzoyle brings a number of compounds into a more 
easily understood form, and very materially aids the memory by 
enabling us to classify these compounds as analogous to others 
better known. Other views may bo taken of this series com- 
pounds: for example, according to Dumas, hyduret of benzoyle 
may be represented as a compound of benzoio acid with a earbo- 
hydrogen : 2 On Ha O 3 + (On, JIa) H 3 , benzoic acid being tho 
teroxidc and the carbo-hydrogon tho terhyduret of the body, 
Cu Ha: for 2 (On Ha) Os + (Cl* Ila) Hs = His Oft = 3 
(C 14 Ha Oa) = 3 Cz II. The same view might be extended to 
some of the other compounds of benzoyle, but it is complex, 
and cannot well be applied to benzamide, hydrobenzamide, and 
several others. Again, aceording Mitsclierlicb, benzoio acid 
is Cu H«:-f 2 C On ; that is, benzole 2^ us 2 eqs. carbonic aoid ; 
while a dry benzoate would contain, united to the base, the 
hypothetical body ben&ide , Cxa Ha , and the equally hypothetical 
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anhydrous oxalic acid, C* Oa . These views appear both to be in 
all respeots inferior to that which we have adopted, and which 
must be retained, until a better shall be proposed. If I under- 
stand rightly some expressions in a paper by Laurent, that 
chemist considered hyduret of bcnzoyle, Ci* He Oa, as the 
oxide of a radical benzene ; but it does not appear whether it is 
(Ci4 Ha) -f- Oa, or (Ci* Ha 0) + 0. The term oxide of benzene, 
however, may be applied to one of the isomeric modifications of 
4he hyduret. 

It has already been stated that benzoic acid is tho starting- 
point of a series of homologous acids. One of these, toluylio 
acid, will be described further on, after the cuminic acid, and 
under the balsam of tolu, with both of which it is connected ; 
but a third, namely, the cuminic acid, agrees still more closely 
with benzoic aoid, and especially in the existence of a compound, 
analogous to and homologous with hyduret of benzoyle. This is 
the oxygenated oil of cumine, C 2 o Hi a O a , which may be viewed 
as hyduret of curaylc, C 20 Hu O a , H. When oxidised by nitrio 
acid, it yields cuminic acid, C ao Hn 0 3 , II 0 or Cao Hia 0* , 
which is crystalline and volatile, like benzoic acid. When heated 
with bases, it yields cumole, Ci* H 12 , homologous with benzole ; 
which, like benzole, also yields substitution -products, as in the 
fourth column of the table, p. 141, in which chlorine, bromine, 
nitrous acid, and amide are substituted for part of its hydrogen. 
Details are unnecessary, as the analogy of properties with the 
corresponding compounds of the benzoic series is remarkable, 
and is the chief point of interest. Cumole, however, is an ingre- 
dient of the crude oil of cumine, and is best obtained from that 
source. It is also, like benzole, toluole, and xylole, found in the 
oil of tar. 


XIV. Salic y LB. CnHaCbrrSa. 

ThisTs the hypothetical radical of a remarkable series of com- 
pounds ; and, as such, belongs to the Same group as benzoyle. 
Its most interesting compound is the hyduret of salicyle, which 
we shall therefore first consider. 


1. Hydaret of Salicyle. Cu Ha 0*, 11 = Sa H. 

Syx. Salicylow Acid . — This compound is found as the chief 
ingredient in tho essence of meadowsweet, that is, the essential 
oil obtained by distilling tne flowers of spiraea ulmaria with 
water. It is probable that, like the essence of bitter almonds, it 
is formed by the metamorphosis of a compound or compounds 
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present in the Rowers. The crude essence is distilled with aqua 
potassm, which combines with the hyduret, and an oil distils over 
which seems to be a carbo-hydrogen. The salt of potash being 
now redistilled with a slight excess of dilute sulphuric acid, yields 
the pure hyduret of salicyle. 

It may also be obtained by distilling one part of salicinc, one 
part of bichromate of potash, two and a half of oil of vitriol, and 
twenty of water, together. The salicine is dissolved in part of 
the water, and the acid diluted with the rest. The mixture 
then made in a retort, and after the effervescence which takes 
place is over, the whole is distilled, and yields the hyduret, to the 
amount of one-fourth of the salicine employed. 

Hyduret of salicyle is an oily colourless liquid, having a 
fragrant aromatic odour and a burning taste. Its Sp. 0. is 
1*1731, and it boils about 380°. With chlorine and bromine it 
forms new substitution-compounds. With bases it forms saliey- 
lurets, water being separated. II Sa *+- M 0 = H 0 -f- M Sa, 
so that it has the characters of an acid. 

Salieyluret of ammonium , Sa, N II* , is formed when concen- 
trated ammonia is poured upon hyduret of salicyle. It is a 
yellow solid, having a faint odour of roses. When moist, this 
salt is decomposed spontaneously, becoming black, and giving 
off ammonia and an odour like that of roses. With dry 
ammoniacal gas, hyduret of salicyle forms the compound 3 Sa 
H + 2N Ha. 

Salicylimidc , Cm Ha II vs Oo , is formed when caustic ammonia 
is added, drop by drop, to a solution of 1 vol. hyduret of salicyle 
in 3 vol. alcohol, and the small yellow crystals which first formed 
are dissolved by a gentlo heat. On standing, salicylimidc appears 
iu the form of golden yellow brilliant prisms. It is formed 
from 3 cqs. hyduiet of salicyle and 2 eqs. of ammonia, by the 
separation of G eqs. water, 3 (Ci* He 0*) -f 2 H Hs — 6 II 0 = 
Cm Ha His Oa . As it is no longer soluble in the liquid froxi which 
it was first deposited, it is probable that the yellow salt first 
formed, which dissolved in the alcohol by aid of a gentle heat, 
was salieyluret of ammonium, which, by excess of ammonia, was 
converted into salicylimide. 

Tho salts of the hyduret of salicyle or hydrosalicylio acid, are 
constituted, for the most part, according to tho formula Sa M. 
The potassium salt Sa K, when exposed to the air in a moist 
state, becomes first green, then black. When the change is 
complete, water dissolves acetate of potash, and leaves a blaok 
matter, melanic acid , C 10 H* Os: 1 eq. of salieyluret of potas- 
sium, 2 eqB. water, and 3 eqs. oxygen, contain the element of 
1 eq. acetate of potash, and 1 eq. melanio acid, Cx* Ho 0*, K -f 
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2 H 0 + Os = C* Ha 0* , K + Cio H* Oo . Melanie acid combines 
with bases, 

Ettling and Stenhouso have shown that when the salioyluret of 
copper j Cu Sa = Cu Ho 0 * -f Cu, and the benzoate of copper, 
Cu 0, Cu Hb Oa , which is isomeric with it, are distilled, several 
now products are formed. Among these are salicylic acid and 
two crystalline neutral compounds. 

Parasalicyle is a product of the action of heat on salioyluret 
(saliaylite) of copper. Its formula is Cu Hb Os , and it has the 
composition of anhydrous benzoic acid, or of salicylous acid, 
(hydurct of salicyle viewed as an oxygen acid), as it exists 
in its salts. Tho copper salt from which it is formed may be 
represented cither as Cu- Hs 0* -f Cu, or as Cu 0, Cu Hb Oa. 
Parasalicyle is fusible and volatile, and only attacked by strong 
acids. 

When benzoate of copper is distilled, there is formed, besides 
salicylic acid, a neutral volatilo crystalline compound, which 
contains 1 eq. oxygen less than parasalicyle, and the formula of 
which is consequently Cu Hs O 2 . It is therefore isomeric with 
Jbenzile, and has the composition of tho radical benzoyle. Indeed, 
as it yields benzoic aoid when acted on by potash, while benzile 
1 yields benzilic acid, it may very probably be that radical. It has 
not, however, been named by Ettling, who discovered it. 


2. Salicylic Acid. (Cu Ha 0*) 0, II 0“Sa 0, II 0 ” Sa Oj, n. 

Formed when byduret of salicyle is heated with hydrate of 
potash till tfie mass loses its brown colour. Hydrogen is given 
off, and salicylate of potash is formed. Hydrochloric acid, added 
to the solution of this salt, causes tho deposition of crystals of 
salicylic acid. 

The same acid is formed when coumarine, the stearoptene or 
camphor of tho tonka bean, is acted on by caustic potash. More- 
over the essential oil of winter-green, or Gaultheria procumbent * , 
appears, by tho researches of Cahours and Gorhardt, to bo the 
salicylate of oxide of methyle. The acid, therefore, is most 
readily obtained, by gently heating this oil with a slight excess 
of potash, and afterwards adding an acid, when the salicylic acid, 
being very sparingly soluble, is deposited. It is easily purified 
by reerystallisation, and sometimes forms crystals one or two 
inches ip length. 

Salicylic acid crystallises in tufts of slender prisms, very like 
benzoic acid. It may be sublimed without decomposition. The 
formation of this acid from hydurct of salicyle is very simple : 
Cu Ho Oi, H + K 0, H 0 as Cu Ho Oo, K0 + H*. When 
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the salicylate of potash is decomposed by an acid, the salicylic 
acid takes up 1 eq. of basic water, and separates as Cn 1I& 0&, 
11 0, or Cii Ha Oa , H. The decompositions of this acid arc very 
interesting, connecting it with several other series of organic 
compounds. 

AVhen it is acted on by nitric acid, it is first converted into 
indigotic acid, or nitrosalicylic acid, Ci* II* N 0© , H 0, along 
with other products ; and by the continued action of nitric acid, 
there is finally produced the remarkable bitter acid,* callecl 
carbazotic, nitropicrie or nitrophenisic acid, Cm Ha Na Oia, II 0. 
Both these acids aro formed from indigo by the action of nitric 
acid. 

When salicylic acid is distilled with caustic baryta, it yields 
carbonate of baryta, and a heavy oily liquid, which is the acid 
known as carbolio acid (Rungc), and hydrate of phony le (Laurent), 
the formula of which is Cm Hn Oa = Cm Ha 0, H 0. The pro- 
duction of carbolic acid from salicylic acid is easily understood ; 
it is, in fact, analogous ^ that of benzine from benzoic acid. 
Ci* II s Os, 11 0 4 - 2 Ba 0 = 2 (Ba 0, C O 2 ) 4 - Cm H« O 2 . As 
the action with baryta is so violent as to destroy a great part 
of tlio acid, it is found better to heat rapidly salicylic acid mixed 
with powdered glass, when it is resolved into carbolic and 
carbonic acids. 

Now it is very remarkable, that carbolic acid, which is one of 
the chief ingredients of the oil of coal-tar, a product, therefore, 
of destructive distillation, is also converted by the action 
of nitric acid into nitropicrio acid. This would indicate that 
when salicylic acid is acted on by nitric acid, it yields, first, some 
compound containing the same radical as carbolic and nitropicrie 
acid, and that this is further oxidised into the latter acid. Wo 
shall hereafter see that the probable origin of carbolio acid 
is benzole , Cm Ho, from which, by substitution and oxidation, 
carbolic, and nitropicrie acids, and a whole series ttf com- 
pounds, may be formed. Benzole is itself the hyduret of the 
radical phenyle, Cm Ha . The hydrated oxide of this is carbolio 
acid. Nitropicrio, or nitrophenisic acid is carbolic acid, in which 
3 eqs. of hydrogen are replaced by 3 N 0* . 

On the whole, from its relation to hyduret of salicyle and to 
salioine (from which it may also be formed by the action of 
caustic potash), from its analogy in formation, constitution, and 
properties to benzoic acid, from its occurrence in nature in 
the first compound of methyle not artificially produced, and 
from its ready convertibility into indigotio acid, carbolio acid 
and nitropicrie acid, salioylio acid is a compound of very great 
interest* 
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The salts of salicylic aoid have the general formula Ci* H» Os , 
Ji 0, or Ci* Hs On , M. The salicylate of oxide of methyle, C. 
fc» 0 Ci* Os , occurs in tho essential oil of Gaultheria pro- 
cumbew, and is much used in perfumery. It gives rise to a 
number of remaikable products, when subjected to the action of 
nitric aoid, chlorine, bromine, alkalies, &c. ; but all these things 
will bo treated of in their proper places. 

3. Chlorosalicylic Acid. Cu Hs j{jj, or C»* H» 04, Cl. 

When dry olilorinc is mado to act on dry hydurei of salieyle 
this compound is formed, along with hydrochloric acid; it crys- 
tallises readily, and may be sublimed unchanged. Its formation 
is entirely analogous to that of chloride of benzovle, and it 
might be viewed as chlorido of salieyle, Ci* Uo 0* , C'l = Sa Cl. 
But its properties aro those of an acid, and hence wo arc com- 
pelled to consider it as salicylio acid, Cu Us 0», in which 1 eq. 
oxygen has been replaced by 1 eq. chlorine, the typo remaining 
unchanged. Iletico, after this substitution, it is still an acid, and 

its true formula is Ci* Ho j ^ , an acid of the type of anhydrous 
salicylic acid. 

With ammonia it forms a new compound, chlorosalieyUmide . 
As in the action of ammonia on hyduret of salieyle, so in this 
case, 2 eqs. ammonia act on 3 of tho acid, and 6 of water are 
separated. The formula of chlorosalieylimide, which is a yellow, 
insoluble solid, is C« His N 2 Cla 0a; for 3 (Ci* Il» Cl Oi) -{- 
2 N Ha = 6 II 0 + C*s His Cls N* Oa . It is, in fact, salioj li- 
mide in which 3 eqs. chlorine have been substituted for 3 eqs. 
hydrogen. 

With bromine and iodine, hyduret of salieyle yields the two 
analogous compounds, bromosalioylio acid, and iodosalicylic acid ; 

Cl. H. and Cl* Ha 

4. Nitrosalicylic Acid. Cu Hb NOiorrCuH* NO*, HO. 

6th. Anilic acid , Indigotic acid . — This acid is formed by the 
action of nitrio aoid on hyduret of salieyle, or still better, on 
salicylio acid. It forms yellow prisms, and with bases, yields 
yellow detonating salts. Ammonia colours it blood-red, and per- 
ohloride of iron cherry-red. It is, according to the above formula, 
derived from the analysis of Piria, salicylic acid, in whioh 1 eq. 
nitrous (hyponitric) aoid is substituted for 1 eq. hydrogen. But 
its characters, and those of its salts, are such as to convince us 
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that it is identioal with indigotio, o t anilic acid 5 under which 
names we shall have again to treat of it. 

APPENDIX TO SALICYLE. 

5 . Salicine. C20 His Oitrz C12 H10 O10 4 * C14 HsO«. 

This compound occurs in the bark of all such willows as are 
bitter, such as Salix helix , S. amygdalina , &c. It is extracted .by 
boiling with water, decolorising the deoocfcion with litharge, 
removing the lead dissolved by sulphuric acid and sulphuret of 
barium, and evaporating to a sjrup. The salicine crystallises on 
standing, in tine scales of a silky lustre, which have a very pure, 
hitter taste, and are highly febrifuge. It is neutral, soluble iu 
water and alcohol, insoluble in ether. Oil of vitriol colours it 
blood -red. Distilled with bichromate of potash and sulphuric 
acid, it yields formic and carbonic acids, hydurct of salieyle, and 
a resinous matter. 


6. Saligenine. CmHbO*. 

The recent researches of Piria have very greatly extended our 
knowledge of saliciue. The formula above given for salicine is 
deduced from his analyses, and ho has shown that by contact with 
synaptase, salicine is decomposed, being resolved into sugar, 
Cm H10 O10 (which takes up 4 cqs. of water and appears as 
grape sugar, Cm III* On,) and a new body, saligenine , C14 Hs 
O*. When the metamorphosis is complete, which, with 200 
parts of water, and 3 parts of synaptase for 50 of salicine, and a 
temperature of 160°, takes place in 24 hours, most of the sail* 
gonino separates in crystals, being very sparingly soluble in oold 
water, and the rest is obtained by agitating the solution with 
ether, which dissolves tho saligenine. The aqueous liquid is 
now found to contain only grapo sugar, and the residue bf the 
synaptase. 

Saligenine melts at ISO 6 , and forms on cooling a crystalline 
mass. It appears to form a combination with potash, but when 
it is heated with that alkali, hydrogen is disengaged and salicylic 
acid is formed. Several oxidising agents convert saligenine into 
hyduret of salieyle, from which it differs only by containing 
2 eqs. of hydrogen more. Aqueous solutions of perch loride of 
iron and of salts of peroxide of iron strike an. indigo blue with 
saligenine; but this colour is not formed when alcoholic or 
ethereal solutions are used. The blue oorapound has not been 
separated. When heated to a certain point, or boiled with acids, 
saligenine is converted into aaliretine , a body which is also 

M 
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obtained when salioine is boiled with dilute acids, and which is 
no doubt in this latter case derived from the saligenine contained 
in the salioine. Saliretine will be described presently. 

As it appears certain from the experiments of Piria that salioine 
is composed of saligenine and sugar, the produots of various 
reactions on salioine will be generally those on a mixture of 
Bftligonine and sugar. It will therefore be better to describe in 
connection the substances produced from saligenine, and those 
formed from salioine. 

By tlio action of chlorino on salicino, there are formed three 
compounds analogous to salioine, in which 1, 2, and 3 cqs. of 
hydrogen are roplaoed by chlorine. 

These are : — 

Chlorosalicine • • • . Cao j- Oi* -f- 4 aq. 

Piclilorosalicine . , . . C 20 qj 1 ^ J> Oi* -j- 2 aq. 

IT 1 

Triclilorosaliciue .... Cm ^ j-Ou, -f 2 aq. 

These compounds are all crystallised, and all of them, like sali- 
cine, are decomposed by fermentation, in oontaot with synaptase, 
into sugar and a body derived from saligenine. 

Thus we have : — 

Chlorosalicino ss Sugar 4- Chlorosaligenine, 

C 20 ^ Oi* Ci a Hio O10 -j- Ci* j- 0* ; 

I)icblorosalicine = Sugar 4 - Dichlorosaiigenine, 

Cm CL } ° 14 = Cls 3,0 °“ + C “ CL } °* i 
and 

Trichlorosalicine =r Sugar 4- Triclilorosaligenine, 

Cjo } Oi* 32 Cia Hio O10 4 * Ci* jjf£ j- 0 * . 

Chlorosaligenine forms very fine crystals, and is. singularly 
like saligenine in its outward characters. It colours oil of vitriol, 
however, green, whereas saligcuine colours it red, as. does also 
salioine. The two other compounds are obtained with much 
.greater difficulty by the action of synaptaso on Piclilorosalicine 
and Trichlorosalicine, owing to the very sparing solubility of these 
compounds. But their existence has been established. 

7. Saliretine. 

When saligenine is boilod with diluted acid, or heated boyond 
its melting point, it is changed into a resinous substance, which 
differs from saligenine only by 2 eqs. water. Its empirical for- 
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mula is Ci 4 H« Oa , and therefore it is isomeric or polymeric with 
hyduret of bonzoyle. 

It appears that Chlorosaligenine, Dichlo rosal i genine , and 
Trichlorosaligenine also yield resins when boiled with acids, and 
these resins are in all probability derived from saliretinc, and 

composed of Cu j Oa , Cu. j Oa , Cu ^ j Oa . If so, they 

will be named Chlorosaliretine, Diehlorosaliretine, and Trichloro- 
saliretine. 

8. Helicino. Cao Hu Ou = Cia Hio Oia -f- Cu Ho O*. 

This confound is formed when salioine is acted on by diluted 
nitric acid. When pure it forms small white needles, which 
contain, in addition to twice the above formula, 3 eqs. of water of 
crystallisation. Helicine contains the elements of sugar and 
hyduret of salicylo, and is actually resolved into them by 
synaptase, and in other ways. It is no doubt formed by the 
oxidation of the saligenine producing hyduret of salicyle, which 
then unites with the sugar to form helicine. 

Helicine, when heated to 347°, is converted into an insoluble 
resinous mass. 

When the oxidation of salicine is carried further, tho sugar is 
destroyed, and yields formic and carbonic acids ; but when the 
oxidation is insufficient to form helicine, there is produced a body, 
helicoidine , the empirical formula of which is C»a Hs* Oa* -f 
3 II 0 ; = 2 eqs. sugar, C«* Hao Oao ; 1 eq. hyduret of salicyle, 
Cu Ho O* ; and 1 eq. saligenine, Cu. IIs CU . 

By tho action of chlorine, helicino yields chlorokelicine 

Oao JJj 15 j 0 14, which is formed of sugar and chloride of 

salicyle, Cia IIio Oio -f* Cu JJj* | O*. With bromine it yields a 
similar compound. 

liutiline h the name given to the red compound formed by tho 
action of oil of vitriol on salicine. When pure it is of a deep 
reddish-brown colour : acids change it to a bright rod, alkalies to 
a deep violet. 

9. riiloridzine. C*a Haa Oa* = C*a Has Ois + 6 HO? 

This is a substance, very analogous to salicine, which occurs 
in the bark of the roots of tho apple, pear, plum, &o. It is 
extracted in tho same way as salicine, and resembles it much ; 
forming small scales, soluble in hot water, and in alcohol, very 
bitter, and powerfully febrifuge. When boiled with dilute 
sulphuric "acid, it yields a resinous compound, phloratim , 
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analogous to saliretine, along with grape sugar. Phloretine is 
Cso His Oio rs C30 Hu 0 9, HO? and Cso Hia O10 + O12 Hx* 
Oi* = C*a H29 O2*. According to Stas, however, phloretine is 
CaHsOa, or double or quadruple of this. The compound of 
phloretine with oxide of lead ho found to be C12 Hr* Oa , 2 Pb 0 ; 
which would indicate, for hydrated phloretine, C12 IIaOa2 HO = 
C 12 II« 0*, HO = C12 II7 Os ? 

By the action of nitrio acid on phloridzine, there is formed a 
puce-coloured acid, nitrophloretic acid, which, according to Piria, 
is Oao II12 N Ois ; according to Stas, Cat II10 N O12. 

Phloridzeine . CUa II20 ZS r 2 (he, ? When moist phloridzine is 
exposed to air and ammonia, it is transformed into a deep red 
compound, which dissolves in ammonia, and may bo precipitated 
by acids. It is equal to phloridzine, plus 8 eqs. oxygen, and 
2 oqs. ammonia. When dissolved in ammonia, and dried in 
vacuo, it leaves a purple mass, with coppery lustre, which com- 
municates to water a splendid blue colour. This is a compound 
of phloridzeine and 1 eq. ammonia. The formation of this blue 
pigment is a very good example of that kind of eremucausis with 
the aid of ammonia, by which indigo, litmus, orchil, &c., are 
produced from colourless bodies. 

When salicine was supposed to be C12 H20 O22, phloridzine 
appeared to differ from it by only 2 eqs. oxygen ; but as that 
formula for salicine, according to Piria, is erroneous, it is 
most probable that the formula of phloridzine will require to 
bo changed. It is therefore marked as doubtful along with its 
derivatives. 

APPENDIX TO SALIC YLE AND SALICYLIC ACID. 

Anisyle and Anisic Acid. 

^ Thff stearoptene of oil of anise, as well as the oil of ostragon, 
yields, when oxidised by nitrio acid, a crystalline acid, in some 
respects analogous to cinnamic acid. This is anisic acid, C10 Us 
0«= Cis H7 0«, HO. Like benzoic and cinnamic acid, it is 
supposed to be derived from an oil analogous to the hyduret 
bf bcnzoyle. This would be hyduret of anisyle, Cxo Hs O* = 
Cis H 7 O 4 , H. 

Anisie.afecid, when heated with bases, yields an oil, airisole, Ci* 
Hs Oa, tfie &cid having lost 2 eqs. of carbonic acid. The acid itself 
is homologous with salicylic acid, just as anisoleis withphenolo or 
carbolic acid, the difference being C2 H* . 

The hyduret of anisyle is not known in the separate form, and 
the oil of anise or estragon is believed to be Cso 'Hu Oa, whioh is 



CINNAMYIiE. 


165 


nearly the formula of oil of cinnamon, and of oil of cumine. But 
thcso oils aro evidently not identical, but only isomeric or 
polymeric, since the action of nitric acid in each case yields a 
different result. It is probable that anisic acid belongs to a 
homologous series, differing from the benzoic as well as from the 
cinnamic series. 

Anisio acid yields, when acted on by a mixture of nitric 
and sulphuric acids, two substitution products, nitranisic acid, 

Cio | Oe , and dinitranisic acid, Cio j Oo . Other 

substitution products have been obtained by Cahours, both from 
the acid, and from anisole. The latter body, anisole, Ci* Ha Oa is 
homologous with phcnole or hydrated oxide of phenyle (carbolic 
acid). From it aro obtained chloranisole, bromanisole, and three 
nitro-cornpounds, nitranisole, dinitranisole, and trinitranisole. 

Nitranisole, Cu j 0*, when acted on by sulphuret of 

ammonium, yields the base, anmdinc , Cn Ho N O 3 ; and dini- 
tranisole yields tlio base nitranisidine, Ci* Hs Na 0«, in which 
1 eq. of the hydrogen of anisidine is replaced by 1 eq. of nitrous 
acid. In like manner, trinitranisole yields the base dinitrani- 
sidine, in which 2 eqs. of hydrogen arc replaced by nitrous acid. 
When nitranisidine is acted on by chloride of benzoyle and 
chloride of ciunamylc, two new bases arc formed, nitrobenza- 
nisidine, OasHiaNsOs, and nitrocumanisidine, Caa IIi* Ka Os. 
In these two remarkable products, which approach closely to 
natural bases, benzoyle and cinnamyle have been substituted for 
1 eq, of hydrogen in nitranisidine. 

XV. ClNNAMYLK. Cis II? Oa =r Cl. 

The radical of essence of cinnamon, but unknown in & separate 
form. 

1. Hyduret of Cynnamyle. Ci H == Cis 1I 8 0 a =rGi 8 H 7 0-^, H. 

This is the purified esscnco, or oil of cinnamon. The oil of 
commerce contains, besides, cinnamic acid and two resins, all of 
which have been produced from the original oil, C 20 Hu Oa , by 
the addition to 3 cqs. of it, of 8 cqs. oxygen. 3 (C 20 IIn 0#)4- 
Os = Cis Hs 0* (oinnamio aoid) -f C ia H» 0 (a resin) ; -F Cso 
His 0* (another resin) 5 HO. With less oxygen, hyduret of 
cinnamyle, Cis Hs Oa , is formed, along with the resins, so that 
the oil of commerce contains, besides the original oil, all the 
compounds above mentioned. 

Tho hyduret of cinnamyle, Ci H, is a fragrant oil. It forms, 
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with nitric acid, a crystalline compound, Ci H + N Os , which, 
when mixed with water, is resolved into its constituents, hyduret 
of cinnamyle and nitric acid. When the hyduret is exposed to 
the air, it absorbs oxygen, producing cinnamic acid, Ci 0, HO = 
Cis H7 Oa , HO. 

The fresh oil of cinnamon is, as has been stated, Cao Hu 0* . 
With 0 eqs. oxygen from the air, it yields hyduret of cinnamyle 
and the two resins : with 2 eqs. more, the hyduret passes into 
cinnamic acid. With oil of vitriol, 3 eqs. of the fresh oil = Ceo 
Has 0«, lose 3 eqs. water, and form two resins, one = C.so Hu 0 ; 
the other = Cao H10 Oa . With hydrochlorio acid, it yields an oil 
and two resins ; one, Cao Hs 0 : the other Cu. 11a 0. 

2, Cinnamic Acid. Cis H» 0 3 -f H 0 == Ci 0, HO. 

Formed by exposing oil of cinnamon to the air. It is most 
easily obtained by dissolving the oil of Balsam of Peru in an 
alcoholic solution of potash, evaporating to dryness, dissolving 
in hot water, and adding to the solution of cinnamate of potash 
an excess of hydrochlorio acid. It crystallises very readily, and 
may be sublimed. By the action of nitric acid, cinnamic acid 
is converted into hyduret of benzoyle, and into an acid very 
similar to benzoic acid, if not identical with it. When ein- 
namio acid is added to cold nitric aoid, it forms an acid, Cis 
H? N 0 8 = Cis Hs 0* — H + N 0* ; that is, cinnamic acid, 
in which 1 eq. of nitrous acid is substituted for 1 of hydrogen ; 

Cis | HO. This is nitrocinnamic acid . Its salts de- 

tonate when hoated. With oxide of ethyle, it forms a crystal- 
lisable ether, Ae 0, Cis He N O 7 . When oil of cinnamon is 
mixed with fuming sulphuric acid, there is formed, according to 
Herzog, a new aoid, sulphocinnamio acid, the formula of which 
is Cia Ha 0 2 , 2 SOa -f 2 H 0 = Cia Hs O10 S % . It is bibasio, 
and almost all its salts are soluble. 

When oil of cinnamon is acted on by nitric acid with the 
aid of heat, it yields benzoic and nitrobenzoio acids. By the 
action of chlorine, oil of cinnamon is converted into several new 

products, one of which is chlorocmnose, Cis j qj* Oa . It is 

hyduret of cinnamyle in which 4 eqs. of ohlorine are substituted 
for 4 eqs. of hydrogen. 

Baham dj/*>jPeru contains compounds connected with cinna- 
myle. The principal is an oil, cinnameine, which, when boiled 
with alkalies, yields cinnamic acid and a neutral oily body, 
peruvine . 
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Cinnameine has been ascertained by ScharHng to have the 
formula Csa Hi# 0* , and to contain cinnamic acid, Ci# H 7 0 3 , 
united to a new ether, Ci# H 11 0. When boiled with potash, 
oiimameine yields on the one hand cinnamate of potash, and on 
the other peruvine, Ci# Hi a Oa , the latter compound being the 
alcohol corresponding to the new ether, and formed from it by the 
addition of 1 eq. of water. 

Cinnamole , Cie Hs, a liquid bearing the same relation to 
cinnamic acid that benzole does to benzoic acid, is formed when 
cinnamic acid is distilled with baryta. It is, like benzole, formed 
of carbon and hydrogen in the proportion of two eqs. of tho former 
to one of the latter; but its density and boiling-point prove 
that its formula is Cie Hs. The following equation shows its 
formation : 

Ci» II 9 O 4 -f* 2 Ba 0 ~ 2 (Ba 0, C Oa) * 4 * Cie He 

Cinnamic acid. Cinnamole. 

Cinnamole is isomeric, or peril aps identical with styrole, an oil 
obtained by distillation from storax, to be afterwards described. 
Dragon’s blood also yields styrole by distillation. The chief 
difference between cinnamole and styrole is, that the former is 
not, like the latter, converted by a heat of 392°, in sealed tubes, 
into a solid compound, metastyrolc, the formula of which is Ci* 
Hz . But the presence of some impurity in cinnamole may prevent 
the change. 

According to Richter, Balsam of Peru contains two distinct 
oils, myroxiline, insoluble in alcohol, and myriosp ermine, soluble 
in alcohol. With an alcoholic solution of potash, myriospermine 
yields an acid resembling cinnamic acid, but different from it, 
myriospermic acid . 


BALSAM OF TOLU, 

Tolcne; Toloole. 

According to Deville, Balsam of Tolu contains benzoic acid and 
a body isomerio with hyduret of benzoyle ; also cinnameine, and 
a liquid carbohydrogen, tolene , the formula of which is Cs* Hi# ; 
besides several resins, and another liquid carbohydrogen, ana- 
logous to, and homologous with, benzole, the name given to which 
is toluole, and its formula Ci* II# . It boils at 226°, and its Sp. GL 
is 0*87 at 65° F. When aoted on by nitrio acid, it yields two new 
compounds, in which the hydrogen is partly replaced by nitrous 
acid. These are, 1 nitrotoluole , Ci* H* NO*, which is liquid; 
and 2nd, dinitrotoluole , Ci* Ho N* O#, which is a crystalline 
solid. By the aotion of chlorine on toluole, Deville has also 
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obtained a series of compounds in which the hydrogen is replaoed 
by chlorine; these compounds, however, chiefly oocur in com- 
bination with hydrochloric aoid. Toluole dissolves in forming 
sulphurio acid, and forms a crystalline mass of sulphotoluylio acid, 
the composition of which, according to Deville, is Cm H 7 82 Oa ; 
that is, 1 eq. of hydrogen seems to be replaced by 1 eq. hypo- 
sulphuric acid. It is analogous to the sulphonaphtlialio or 
hyposulphonapththalic aoid. 

By the tables already given at pp. 131 and 141, it will be seen 
that toluole is not only homologous with benzole, but also yields 
a whole series of derivatives, two of which are mentioned in the 
preceding paragraphs, homologous with those of benzole. Another 
point of analogy is, that both benzole and toluole occur in the oil 
of tar. Toluylic acict y C10 Hs 0*, which corresponds to benzoio 
acid, is not known as a natural product, but has been obtained by 
the oxidation of eymolc, C 20 Hi*, the highest known number of 
the benzole series. It is very analogous to benzoic acid, and, like 
it, is a hydrate, its true formula being Ci« II 7 0 3 , 110. 

Besides nitrotoluole and dinitrotoluole, the table also oontains 
tlie base, toluidine, homologous with aniline, which is formed by 
the action of hydrosulphuret of ammonia on nitrotoluole, just as 
aniline is from nitrobenzole, as will bo explained in tho section 
on artificial bases. Toluidine, like aniline, admits of tho partial 
replacement of its hydrogen by chlorine, bromine, or nitrous acid, 
thus giving rise to new bases, tho formula) of which arc given in 
the table already referred to. 

XVI. Guaiacyle. C14 H, 0 * ? 

Hydurefc of Guaiacyle. H 8 0*= Ci 4 H 7 0* 4- II ? 

"When the resin, or gum-resin, called Guaiacum, is distilled, 
there is obtained, among other products, a colourless oily liquid, 
which has acid properties. According to Deville, it is analogous 
to the nyduret of salicyle, which is also au acid, and is sometimes 
called salioylous acid. Indeed, Sobrero, who first obtained the 
acid from Guaiacum, called it pyroguaiacio acid. If viewed as a 
hydrogen acid, it will be thehyduretof guaiacyle, Cm H» 0*+ H, 
afi® this agrees with the formula deduced from analysis Cm Ha 
0*, which is that of saligeninc. The acid corresponding to 
salicylio acid has not been formed, but will probably hereafter 
be obtained.. Its formula will be Cm IIs Oa — Cm H 7 Oa, H 0. 
But Thierry has obtained another acid, which he calls guaiaoio 
aoid, the formula of whioh is C 12 Hs Oe = C 12 U 7 Oa, H 0. 
Devillo has also described another oil, which is neutral, and 
seems to be derived from the last acid, as benzole from benzoio 
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acid, its formula is Cio Ha Oa ; and it is derived from the acid 
Ci* H» Oe by the separation of 2 eqs. oarhonio acid ; for Cia II* 
0« — 2 C Oa = Cio Ha Oa . This neutral oil has been, called 
guaiac6ne. 

In the preceding pages we have considered a large number of 
compound radicals, constituting chiefly tho group of radicals 
analogous in their relations to chlorine ; namely, cyanogen ; 
ferrocyanogen and its numerous congeners ; sulphocyanogen ; 
and mellone. We have only described one radical, amide , which 
has a tendency to produco basic compounds, such as ammonia , 
ammonium , and the platinised bases ; and one carbonic oxide or 
oxalyle , the chief tendency of which is to form acid compounds, 
such as oxalic , carbonic, rhodizonic , croconic , and mellitic acids. 
Finally, we have studied three ; namely, benzoyle , saiicyle and 
cinnamyle , whose characteristic is to form essences or fragrant 
volatile compounds, with hydrogen, acids with oxygen, and 
peculiar compounds with chlorine, iodine, &o. This last group 
would appear to have a strong tendency to form acid compounds : 
for not only is an acid formed by tho union of saiicyle and 
oxygen, but the hyduret of saiicyle is a decided acid, and may 
1)0 represented as salicylous acid, Ch* Hs Os, II 0, isomeric with 
benzoic acid, instead of hyduret of saiicyle, Cm Ho 0*, H. 
Further, the chloride, bromide, and iodide of saiicyle, although 
they contain saiicyle, plus those elements, are all strong acids, 
and appear to be, in fact, anhydrous salicylic acid with 1 eq. of 
chlorine, &c., substituted for 1 eq. of oxygen . It is evident that 
this group of radicals, so well characterised by tlieir hydrogen 
compounds, does not correspond exactly to any simple radical, 
but has characters common to different groups of elementary 
radicals, being, however, analogous iu more points to carbon, 
sulphur, and phosphorus than to any other elements. In 
studying the decomposition of the compounds of saiicyle, we 
have met with tho very remarkable fact of the production from 
that radical of a scries of compounds : namely, anilic acid, 
nitropicrio acid, carbolic acid, &c., probably derivatives of a 
totally different radical, pbenyle ; which radical is also met with 
in numerous other decompositions, and especially in the decom- 
position of indigo by nitric acid, by alkalies, and by heat, and'fn 
tho destructive distillation of coal. This is an important con- 
sideration, as every day’s experience tends to identify with each 
other the products of decomposition of different and apparently 
quite unconnected organio compounds, even in cases where these 
products have been described as different. Another very impor- 
tant fact which has come under our notice is the occurrence of 
salicylate of oxide of methyle as the chief ingredient in the oil 
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of Gaultheria. Not only is the occurrence of salicylic aoid 
interesting, sinoe this acid was only known before as an artificial 
product, but the existence, in this oil, of oxide of methyle, 
hitherto only known as the product of destructive distillation, 
goes far to confirm the theory which admits this radical methyl©, 
and others similar to it. All the properties of the oil of 
Gaultheria entirely agree with the doctrine of its containing two 
radicals, methyle and salicyle ; the former oxidised, as a base : 
the latter, also oxidised, as an acid. It is remarkable, however, 
that even this compound plays the part of an acid, and forms 
crystalline salts with the alkalies into which it enters unchanged. 
This is so well marked a character that the oil has been called 
gaultherio acid, and the salts gaultherates. 

We have also, in the course of the preceding pages, become 
acquainted with ono remarkable series of homologous groups, 
namely, the benzoio series. We have seen that two acids are 
known, toluylic and cuminic acids, homologous with benzoic 
acid, and of the general formula C« H» — & O* ; these acids are 
perfectly analogous in properties. Of the neutral earbohydro- 
gens, derivod from these acids by the separation of 2 eqs. of 
carbonic acid, and tbo formula for which is On Hn — o , wo know 
not only benzoic, toluole, and oumole, but two more, the acids 
of which are not yet known, namely xylole and cymole. All 
five are found in tar, and they all yield analogous substitution 
products, including bases of a very remarkable kind, of which 
aniline is the type, and which also yield other basic products of 
substitution. 

It is highly probable that both cinnamic and anisic acids 
belong each to a different series, of which few other members are 
as yet known. Indeed, anisio acid, Cia Hs Oa, is homologous 
with salicylic acid, Ci* Ho Oo . Benzoic acid and its homologues 
yield, by the loss of 2 eqs. of oarbonio acid, (Ca 0*,) oarbohydro- 
gens, jj^cause these acids contain only 4 eqs. of oxygen. The 
same is true of cinnamic acid, and of its homologues, should any 
be discovered. But anisic and salicylic acids, containing 6 eqs. 
of oxygen, necessarily yield, on the removal of Ca O* , not carbo- 
hydrogens, but oils containing 2 eqs. of oxygen, namely, anisole, 
Cu Ha Oa, and phenole or carbolic aoid (perhaps better, salicole) 
Cia Ha Oa; in which, as in benzole, toluole, xylole, oumole, 
cymole, and cinnamole (styrole), tho carbon is to the hydrogen as 
2 to 1, 

But although in one point of view anisole is homologous with 
phenole, yet, according to Cahours, it is not a true homologue of 
that compound, and is not analogous to it in properties. Cahours 
has discovered two other oils, phenetole, Cia Hio Oa , and phena- 
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mylole, C2£ Hio 0 * , which are perfectly homologous with anisole, 
while all three are neutral, whereas phenole is an acid, and is 
called carbolic acid. According to Cahours, anisole is the carbo- 
lato of oxide of methyle ; phenetole, the carbolate of oxide of 
ethyle, and phenamylole the carbolate of oxide of amyle, as may 
bo seen in the following formula 

Phenole, or Carbolic Acid . . = Cm H» 0 , H 0 . 

Anisole, or Phenometole Ci* Hs O2 = C12 HbO, C2II3O. 

Phenetole Cie Hn> O2 = C12 HsO, C*H» 0 . 

? Ci 8 H12 Os = Cm HsO, CelLO. 

? . . • C20 Hi* O3 sr C12 HsO, CsHsiO. 

Phenamylole . C22 IL« O2 = Cm HsO, C10 H11 0 . 

In proof of this view it may be stated, that as phenole is 
formed when salicylio acid, Ci* Ho 0 * , is heated with bases, so 
anisole, phenetole, and phenamylole are formed when the 
salicylates of the oxides of methyle, ethyle, and amyle aro respec- 
tively heated with bases. It would appear, therefore, that the 
three latter bodies, anisole and its homologues, are not homolo- 
gous with phenole, but are isomeric with its homologues. Sinco 
anisic acid, Cia Hs Os, is homologous with salicylic acid, we 
should expect it to yiold a body strictly homologous to phenole, 
but on the contrary it yields anisole, properly phenometole ; the 
same body as is obtained from the salicylate of oxide of methyle, 
by heating with bases, tho salieylato of methyle being isomeric 
with anisic acid. We here soe what is not uncommon, that two 
isomeric compounds, when exposed to the same cause of change, 
yield products which are not isomeric but identical. The follow- 
ing equations will make this clear ; 

Cm HaOein Cio H7 0 , H 0 , yields 2 C (hand 
Anisic Acid. 

Ci* Ha Oa = C12 Hs 0 , Cs Hs 0 

v s 

Anisole, or Carbolate of Methyle. 

Cis Hs Oo := Ci* Hs Os , Ca Hs 0 , yields 2 C Oa , and 

^ - . . * 

Salicylate of Methyle. 

Ci* Hs O2 C12 Hs O, Ca Hs 0 

v ^ ✓ 

Anisole, or Carbolate of Methyle. 

The production of phenetole and phenamylole is quite analo- 
gous to the last of these equations, ethyle and amyle being 
substituted for methyle. Both phenetole and phenamylole, like 
anisole, yield substitution products, among whioh are two new 
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bases, phenetidine and pbenatnylidino, homologous with anisidine. 
The latter has not been described, but Cahours has obtained, from 
dinitrophenamylole the substitution base nitrophenamylidine, 
homologous with nitranisidine. 

Cahours has obtained the three compounds, anisole, phenetole, 
and phenamylole, by the action of carbolate of potash on the 
iodides of methyle, ethyle, and amyle, which leaves no doubt as 
to their true constitution. They are, as already stated, the carbo- 
lates of the oxides of methyle, ethyle, and amyle, as represented 
in the first column. Were the three lower compounds acids, 
truly homologous with carbolio acid, they would be as in the 
second column. 

Carbolic Acid Ciu IIsO, II 0 rrrOia He 0, H 0 

Anisole, or Phenoraetole Cia H«0, Mo 0 :rzCi4 IT 7 O, 110 

Phenetole Cia IlaO, Ae 0 rr: O 10 llu 0, H 0 

Phenamylole C 12 HsO, Ayl 0 = (ha ILs 0, H 0 


We now proceed to consider that group of electropositive 
radicals, to which ethyle belongs, and which, in their chemical 
characters, are quite analogous to metals, and in some respects to 
hydrogen, which, as well as metals, they are capable of replacing. 
There aro a considerable number of them, but wc shall first 
describe such as are known of that remarkable series of homolo- 
gous radicals beginning with methyle and ethyle, and we shall 
afterwards notice thoso radicals of this group which are not 
homologous with methyle and ethyle. 

But besides those, wo shall have to notice certain electro- 
negative radicals, derived from the electropositive ones of the 
ethyle series, and forming acids by uniting with oxygen. Of 
these, which are not yet known in the separate form, the type is 
formed#, derived from methyle. We shall treat of them under 
tho radicals, from which they are respectively derived, and not in 
a separate section. 

Under tho radicals of the methyle and ethyle series, wo shall 
also introduce the new radicals formed by tho combination of 
these with phosphorus, and with metals, such as zinc, antimony, 
arsenio. A strict arrangement is not yet attainable, but it will 
be found, that with the aid of homologous series and of the 
doctrine of substitution, these numerous compounds, (our account 
of which must necessarily be very brief,) will be rendered more 
intelligible to the student and more easily remembered than 
hitherto. Wo begin, then, with methyle, the first organic radical 
of the homologous series to whioh it belongs. 
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RADICALS 07 THE GENERAL FORMULA, Cn Hu + 1 . 

Methyle. Ca Hs = Me. 

This radical was first obtained by Frankland and Kolbc, as a 
product of tho action of potassium on cyanido of ethyle. It was 
soon after observed by Kolbe among tho products of the electro- 
lytic decomposition of acetic acid ; and by Frankland, among the 
products of the action of zinc, aided by heat and under pressure, 
on iodide of ethyle, and by tho action of water on tho new radical 
zincethylc. In all these cases it is accompanied by other pro- 
ducts, all of which are not exactly known ; but in the third of 
them it seems to be formed in the following manner: iodide of 
ethyle, C* Ha I, acted on by zinc, yields iodido of zinc, Zn I, and 
ethyle, C* Hr; and a part of the ethyle is resolved into methyle 
and elnyle, thus : C* I IV, — Ca IT 3 -f- Ca Fla . 

Methyle is a gas, of Sp. 0. 1*0305, which at (PF. is not liquid, 
and which has resisted a pressure of 20 or 30 atmospheres. It is 
combustible, burning with a bluish llatnc and little light. It 
lias an ethereal smell, and is not absorbed by water, but alcohol 
absorbs it. Tt has certainly tho composition. Ca Ha, but we 
cannot bo certain that it is the radical methyle, or that it may 
not be only isomeric with that body. Since, however, its pro- 
duction by the electrolysis of acetic acid is attended by that of 
oxide of methyle, wo may conclude, for the present, that it is the 
true radical. 

Methyle exists in nature, but not un combined, so far as wo 
yet know. Its oxide is found in the oil of Gaultheria procumbent, 
combined with salicylic acid. But oxide of methyle is more 
abundant and better known as one of tho chief ingredients, in 
the form of hydrate, of tho moro volatile product of the distil- 
lation of wood. 

Methyle is chiefly interesting as the lowest or first member of 
a very remarkable group of homologous radicals, the formula) of a 
number of which are given in Column 1 of the table of homologous 
compounds. Immediately above it in the series (below it in the 
column) stands ethyle, CV Ha, which differs from it by Ca Ha, 
and the same increase, of CaHa, is made at each step. Now, if 
we subtract Ca Ila from methyle, instead of adding them to it, 
we obtain H, or hydrogen, which is therefore the inorganic 
starting-point of this organic series. And wc shall find that 
methyle and its homologues agree in many points with hydrogen. 
Thus they all combine, although not directly, with oxygen, 
chlorine, bromine, iodine, sulphur, cyanogen, &c., in the same 
proportions by volume as hydrogen does ; they may be substituted 
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for hydrogen in ammonia without changing the type of that 
base ; and as hydrogen forms compounds with certain metals, 
tellurium, arsenic, and antimony, so also do methyle and 
ethyle. In one point of view, therefore, we may regard all the 
radicals of the methyle series as homologues of hydrogen. But 
we must remember that in another they differ; for while the 
oxide of hydrogen is neutral, that of methyle is basic; the 
chlorides, &c., of hydrogen are strong acids, while the chlorides, 
&c., of methyle are neutral ethers. 

Another circumstance must be mentioned here. Most of the 
known compounds of oarbon and hydrogen which arc volatile 
have such a density in the form of gas, that thoir formula repre- 
sents 4 vols. ; that is, the densities of their elements, added 
together in the proportions indicated by the formula, represent 
the weight of 4 vols. of the compound, and this sum must be 
divided by 4 to give the density of the compound, which is the 
weight of 1 vol. But methyle and its homologues, if examined in 
reference to their density, are found to represent only 2 vols., a 
somewhat unusual occurrence. Thus methyle, Ca Ha , represents 
not 4, but 2 volumes of the gas, whioh is therefore twice as 
heavy as it should be, if it followed the law of 4 volumes. 
For this reason, Hofmann and others are disposed to think that 
the formula of methyle should be doubled, which would give 
C* Hs , and this, calculated for 4 volumes, would agree with the 
actual density of the gas. But it is certain, that many things in 
the history of methyle agree better with tho formula Ca H 3 than 
with C* Ha, for the latter would make the oxide (VHaOa, the 
chloride C* IlaCla , &e., and would make it necessary to double 
the quantities of all those substances which act on it, thus 
yielding very improbablo formula. The two opinions may be 
reconciled by supposing that, as Frankland has recently shown, 
the methyle produced in tho processes above mentioned is not 
identigjd in all of them. The methyle obtained from cyanide of 
ethyle by potassium, and that formed by the action of water 
on zincethyle, C* Hs Zn, is not true methyle, but a polymeric 
compound, C* H«, homologous with marsh-gas (methylole or 
form&ic, C ITa or rather Ca Ha ) : while the gas produced in the 
electrolysis of acetic acid is the true methyle, Calls, The 
former may be supposod to be produced by the coalescence of 2 
atoms of the latter into one double molecule. The same remarks 
apply to ethyle, and the otheir radicals homologous with methyle, 
and will not, therefore, need to be repeated when treating of 
these. 

When zincethyle, Ca H& Zn, a body to bo described hereafter, 
is acted on by water, there is formed oxide of zinc, and a gas is 
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given off, which, as already mentioned, is either methyle, Ca Ha , 
or the polymeric body, C* He, most probably the latter. Its 
formation is very simple, C^HsZn -f H 0 = ZnO -f 2 (CaHa) ; 
or C* Ho Zn -f- H 0 = Zn 0 + C* Ho * If wo adopt the latter 
formula, we may regard it as hyduret of ethyle, C*Ho, H ; and 
the corresponding compound of methyle, which is formed when 
zineomethyle is acted on by water, will bo Ca H* . Its formation 
will be as follows: Ca 11a Zn + H 0 = Zn O + 2 (C n*) ; or • 
Ca Ha Zn -f II 0 = Ca H*. The latter formula will become 
Ca Ha , II, or hyduret of methyle. Adopting this view, we have 
the two parallel and polymerio series, in each of which the 
members are homologous : — 

Ca H* = Ca Ha , H, Hyiluret of Methyle. 

C 2 Ha Methyle C* Ho = C* IIs , H, Hyduret of Ethyle. 

C*H 5 Ethyle Cs Hio =Cs Ho, H, Hyduret of Butyle. 

CoHrPropyle Cm Hi* = C 12 His , H, Hyduret of Caproyle, 

and so 011 . It is highly probable that in each case both com- 
pounds exist, except in the first hyduret, that of methyle, which 
has no corresponding polymeric body in the first column, since 
such a compound would be C Hu, an impossible formula. 

Having now explained the relations of methyle, we proceed to 
its compounds. 


1. Oxide of Methyle. Ca Ha 0 ss Me 0. 

This compound is obtained, like ether (oxide of ethyle) when 
pyroxilio spirit, which is the hydrated oxide of methyle, is dis- 
tilled with its own volume of oil of vitriol; it escapes as an 
inflammable gas. Like oxide of ethyle, it is a base and neutralises 
acids. It even forms a neutral sulphate, more easily than 
oxide of cthylo. It is worthy of notice, that oxide of methyle is 
polymeric with alcohol ; for Ct He Oa = 2 (Ca Ha 0) : 2$ that 
these two bodies havo the same composition, in 100 parts ; that 
is, the same relative proportions of tho same elements, but a very 
different absolute amount : the equivalent of alcohol being twice 
as heavy as that of oxide of methyle. The constitution of these 
compounds, moreover, is different, for one is a hydrate, Calls 0 +• 
II 0 ; while the other is an anhydrous oxide, Ca Hs O. 

2, Hydrated Oxide of Methyle. ©a H&O, H 0, = Me 0, H 0. 

Syn. Methylic Alcohol . Pyroxittc Spirit . This compound is 
one of the ohief products of the destructive distillation of wood, 
and is found in the watery portion along with acetic acid, 
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aoetfcne, acetate of oxide of methyle, and several other ethereal 
liquids, besides portions of the oily matter of the tar dissolved in 
them. 

By rectification with ohloride of calcium, the pyroxilio spirit 
which combines with that salt, is separated from several other 
liquids which distil over in the heat of the vapour-bath. The 
residue, if mixed with its own bulk of water, and again heated 
in the vapour-bath, now gives off the pyroxilio spirit, which is 
still mixed with water. It is purified by rectification with 
quicklime, which also destroys any acetate of methyle that may 
be present. 

v Pure hydrated oxide of methyle is a liquid very similar to 
alcohol, having the same density and the same degree of inflam- 
mability. Its odour is peculiar and ethereal. It boils at about 
140° or 150°. 

When heated with peroxide of manganese, water and sul- 
phuric acid, it yields various products, among which the chief 
are, formic acid and formomcthylal . It is decomposed by nitric 
acid, yielding oxalic acid, and by chlorine, yielding new products. 
It dissolves resins, and is used in making varnishes. It forms 
with baryta a crystalline compound JBa O + Mo 0, H 0 ; and, 
with chloride of calcium, another crystalline body in large 
hexagonal tables, CaCl -f 2 (Me 0, II 6). 

By the action of platinum powder, pyroxilio spirit is oxidised 
into formic acid, which bears the same relation to it that acetic 
acid does to alcohol. 

Methylic alcohol is the true type and starting-point of the series 
of alcohols to which it belongs, although common or ethylie 
alcohol has been longer known, and is the body from which the 
series (column 3 of the table) is named. 

As is always the caso with two contiguous members of a homo- 
logous series, the properties of the two alcohols, ethylie and 
methglic, arc in the highest degree analogous. The chief dif- 
ferences aro in tho boiling-point and the density of the vapour, 
which are both higher in ethylie than in methylic alcohol. The 
boiling-points differ by 34° F. All the other properties are so 
similar, that methylic alcohol is used for most of the purposes for 
which we employ alcohol ; for spirit lamps, as a solvent for resins, 
&o. ; and recently government has permitted alcohol, mixed with 
jtth part of methylic alcohol, under the name of methylated spirit, 
to be used, free of duty, in various manufaettires. This addition 
of methylic alcohol does not interfere with tho solvent power of 
tho aloohol, and has only the effect of making it so unpalatable 
that it cannot be used as a drink, the taste of methylic aloohol 
being unpleasant* 
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3. Chloride of Methyle , Ca H$, Cl = Me Cl, is a gas of axx 
ethereal smell, inflammable, of Sp. Gi l *1737. It is formed by 
the action of sulphuric acid and chloride of sodium on pyroxilic 
spirit. By the action of chlorine, aided, by the sun’s rays, it 
yields several new compounds containing chlorine. 

4. Iodide of Methyle , Calls , I = Me I, is obtained by distilling 
12 parts of pyroxilic spirit, 8 of iodine, and l of phosphorus. It 
is a liquid boiling between 102° and 122°. The chloride and 
iodide of mcthylo are now used in research. 

5. Sulphur et of Methyle , Ca Hs S = Me S, is best formed by 
the action of a current of chloride of mcthylo on sulphur© t of 
potassium dissolved in alcohol. Me Cl + KS zz Me 8 4- K Of. 
It is a mobile liquid, of a very offensive alliaceous odour, boiling 
at 104°. Its Sp. G. in the liquid form is 0*845; in the form of 
vapour, it is 2*115. With chlorine it gives rise to several new 
compounds. The hydrosulphuret of sulphuret of methyle (corres- 
ponding to mercaptan) I obtained by distilling the double 
sulphate of methyle and potash with the hydrosulphuret of 
sulphuret of potassium. (K 0, Me 0, 2 S Os) + H S, K S = 2 
(K O, 8 Os) 4- H 8, Me S. Its formula is H S, Mo S = Ca Us , 
8 4- II 8. It is a colourless liquid, lighter than water, which 
boils at 70°, and acts on the oxides of mercury and lead exactly 
as mercaptan does. Its odour is most offensive, resembling that of 
leeks highly concentrated. 

6. Cyanide of Methyle, Syn. Acetonitryle, C+ Ila X = C« 11a, 
C 2 X = Me Cy> is formed when the double sulphate of potash and 
methyle is distilled with cyanide or ferroeyanide of potassium. 
It is purified by digestion with red oxide of mercury, and rectifi- 
cation. It is a colourless, mobile, volatile liquid, of a slightly 
alliaceous, penetrating smell, analogous to that of putrid tish, and 
somewhat stupi tying. It is very inflammable. When heated 
with potash, it yields ammonia and acetate of potash — 

G\ HnN + K 0 4 3 H 0 = N Ha + K 0, CbHaOa. 

It has lately been discovered that cyanide of methyle may be 
obtained by the action of heat, aided by anhydrous phosphoric 
acid, on acetate of ammonia. 

CaiaOa, NH*0 + POn =POs, 4 H0 + C4H»N. 

Here wo see the oyanide of methyle formed from a compound* 
in whioh no methyle is present ; but, acoording to the usual view, 
acetyle, C* If 3 , a radical derived by oxidation or dehydrogenation 
from ethyle. If we could obtain the oxide of methyle, or its 
hydrate, from the cyanide, then, as we can obtain the oyanide 
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iNW t&rtfcte of ammonia, wo should be ablo to form the yet 
JWtoWU oloohol», wialogous with pyroxilio spirit and alcohol, 
«fS the volatile a cuU of the formic and acetic series, of which 
0 many arc known, while of the alcohols we know very few as 
f*t* Wo should, then, from acetic acid obtain hydrated oxide of 
methyle, or me thy lie alcohol, from prupylic acid ordiuury alcohol, 
fjw» butyric odd prupylic alcohol, ami so on. but wo cannot 
y*t produce mctbylie alcohol from the cyanide of mothyle, 
although it is probable we shall soon find the means of doing so. 

Xt may htre be noticed that the liquids formed by heating the 
JM&nifrcua salts of acetic acid and its hoiuulogucs with anhydrous 
fhwphtA) add, were at llrst supped to bo a now clas* ot com- 
pound*, and were culled nitn les, a* explained in the description 
of the table of homologous compound*. i lie above liquid, 
€k Us $, was called ao< tonitn h , because it contains acetjle, 
C\ lb, and nitrogen. Hut it has bum found to bo identical 
with cyanide of met by k t ami to yield euiuide of potassium, when 
uefed oil by that metal, which almost proves it to contain ejanogen. 
H i a not certain, however, that there may not exist a class ot 
nitryles, which are not identical, but only isomeric with the 
cyanides. ^The reader will observe, with the a id of the table 
just referred to, that these remarks apply not only to wethylo 
and acetic acid, but to their homologues. 


SALTS OF OXIDE OF METUVLE. 

1. Neutral Sulphate . Me 0, S Os , is obtained when pyroxilic 
spirit is distilled with a large excess of sulphuric acid. It forms 
an oily liquid, of a slightly alliaceous smell. It boils at 370°. 
Boiling water decomposes it into acid sulphate and hydrate of 
oxide of methyle. Whon heated with chlorides, cyanides, &c., it 
yields the compound of methyle with chlorine, cyanogen, &c. ; 
witflP a salt of benzoic, succinic, or other organic acid, it yiolds 
benzoate, &c. , of oxide of methyle. Ammonia converts it into 
sulphamethylane . 

When a current of ammonia is made to act on the neutral 
sulphate of methyle, there is produoed a crystalline compound, 
Ca Ho N Ba Oa, which has boen called sulphamethylane , and may 
be viewed as oxamcthylane, in which sulphamide, S Oa, N Ha, 
has been substituted for Oxamido, Oa Oa , N Ha ; or S Oa for Ca Oa . 
It may also be considered, if oxamethylane bo the oxamate of 
oxide of methyle, CaHaO + C*HaN 0», as composed of* oxide of 
methyle and a peculiar acid, formed of hyposulphurio acid and 
amide, or rather of sulphuric acid and sulphamide, and which 
may bo,, called sulphamic acid; and its formula will be CaHaO -f 



SALTS OF OXIDE QF METHYLE. 179 

(Sa Os , N Ha ), or Oa Hs 0 + (S Os + N H2 , S Oa ). On this view, 
sulphamethylane is the sulphamate of oxide of methyle. 

2. Bisulphate of Oxide of Methyle, Syk. Sulphomet hylic Acid. 
II 0, Mo 0, 2 S 63 , is perfectly analogous to sulphovinio acid, 
and forms double salts, such as that of potash, K 0, Mo 0, 2 S O3 , 
which are often called sulphomethylates, and correspond exactly 
to the sulphovinatcs. The acid sulphate itself may be obtained 
in crystals, which are very soluble and very acid. It is best 
obtained by the action of hot water on the neutral sulphates. 
The double salts, or sulphomethylates, are of no particular im- 
portance. They crystallise readily. 

3. Nitrate of Oxide of Methyle , Me 0, N Oa, is obtained when 
pyroxilic spirit is distilled with nitrate of potash and sulphuric 
acid. It is an oily liquid, the vapour of which if heated beyond 
248° explodes violently. 

The neutral carbonate of methyle is not known ; but double 
carbonates, analogous to those of ethyle with alkalies, may be 
prepared in the same way as those compounds. 

4. Carbamate of Oxide of Methyle. Sl'tf. Urethylane, ChHa 
N 0+=Ca Jla 0, Ca N Hz Os. This compound is formed when 
chlorocarbonic acid acts on pyroxylic spirit, and the product, 
C* Us Cl Oi , in mixed with ammonia. The oily product first 
produced, C i Ih Cl 0* , is a compound of oxide of methyle with an 

acid, Ca I , and may be represented thus, Ca II3 0, C2 ^ j . 

When it acts on ammonia, tho latter is decomposed, 1 eq. of its 
hydrogen taking the chlorino of the oil, while the chlorine is 
replaced by amide, and the resulting beautifully crystalline com- 
pound is the carbamate of oxido of methyle, Ca IIsO, C»^ j + N 

IIs = II Cl + C.HaO, C2^ T 3 Ha | . This last group, C. is 

bicarbamide, or carbamic acid, an acid amidide. The carbonate 
is isomeric with glycocino. 

i5. Oxalate of Oxide of Methyle , Mo 0, C2 O3 = C* Ha 0* , is 
obtained in a manner analogous to that in which oxalic ether is 
prepared. It forms a crystulline solid, soluble in alcohol and 
pyroxilic spirit, which deposit it in large crystals. By the action 
of dry ammonia, it is converted into oxamethylane (analogous to 
oxamethanc), which is tho oxamate of oxide of methyle , C« IIs N 
Oo=: Calls, 0 + C*HaN 0®. Liquid ammonia converts it into 
oxamide, as is the case with oxalic ether, only here methylio and 
not ethylie alcohol is formed at the same time. Ca Hs , 0, Ca Os 
+ N Ha = Ca Ha O, H O *+* Ca Oa N Ha . This is perhaps the 
easiest way of obtaining oxamide in large quantity. 

. JT2 
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Bfcalphurot of carbon acid acts on pyroxilio spirit exactly as on 
alcohol, producing analogous compounds. (See sulphocarbonatc 
of oxide of othyle.) 

6 * Benzoate of Oxide of Methyle , Mo 0 , Bz 0, is best obtained 
by distilling dry benzoate of lime or soda with neutral sulphate 
of methyle. It is an oily liquid of a balsamic odour, analogous 
in other respects to benzoic etber. 

7. Acetate of Oxide of Methyle , Me 0 , Ac Os , is obtained in 
the same way as acetic ether, which it resembles. It occurs in 
considerable quantity in raw pyroxilio spirit, and even in that 
which has only been puriiied by rectification. When quicklime 
Is used in the rectification, it is destroyed, yielding an additional 
quantity of the pure hydrate of oxide of methyle. It is very 
volatile and inflammable, and for most purposes its presence in 
the wood spirit is not at all injurious. Tt is isomeric with form into 
of oxide of ethyle : for, CtHsO 4* Calls 0:i = (S II nO 4 - Call Da, 

8. Salicylate of Oxule of Methyle , (halls 0 <?=. CallsO, Cii Ha 
0 5 , exists ready formed, as the volatile oil of (i aid the via pro- 
cunibens, or Winter green. It is very fragrant, and plays the part 
of an acid, combining with alkalies. 'When mixed with them, 
however, salicylates are formed, and pyroxilio spirit set free. It is 
a very interesting compound, as it contains two substances 
previously pnly known as artificial products ; namely, salicylic 
acid and oxide of methyle. 

9 . Phenomethole. 8 vn. An hole : Carholafe of Oxide of 
Methyle . Cn II» 0 % = Ca Ha 0 , CialhO. This compound, ap- 
parently homologous with hydrated carbolic acid, (Ta lie <h , is 
obtained by heating with, baryta the preceding compound, or 
anisic acid, OiolhOa, 11 0, which is isomeric with it. CholhOa 
4- 2 Ba 0 = 2 (Ba 0, C Oa) 4 - Cu Hs ('aliours has shown 
that this compound, which bears to anisic acid the same relation 
as phenole or carbolic acid does to salicylic acid, is really the 
caudate of oxide of methyle, or hydrated carbolic acid, in which 
1 cq. qf wateT is replaced by 1 eq. of oxide of methyle. It 
is, therefore, not truly homologous with carbolic acid, but is a 
compound of that acid with oxide of methyle, and is conse- 
quently tho first member of a scries of homologous compounds, 
thus, 

1. Phenomethole Cu Ha Oa = Ca Ha 0, Cu TIa 0. 

2. Phenethole Oio Hio OarrC* Hs O, Culls 0. 

3 . Phenupropylole Cis Hia Oa==Ca H7 0, CiaH.O. 

4. Phenol) utylolo C 20 Hu OizrCa H® 0, O 12 IhO. 

5. rhonamylole Cm Hu Oit=zCto Hu 0, Cm 11*0. 

The compounds Nos. 3 and 4 have perhaps not yet been formed, 
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but as propylio and biitylio alcohols and ethers aro now known, 
their formation may bo with certainty predicted. The names given 
in the table aro analogous to that of phenole (carbolic acid) with 
which these compounds are apparently or empirically homologous, 
as carbolic acid differs from No. 1 by Ca II 2 . These compounds, 
however, cannot be truly homologous with carbolic acid, because 
they are not acids but neutral ethers, and their true names are, in 
full, carbolate of oxide of methyle, or of ethylc, propyle, butyle, 
amyle, and so on. 

When salicylate of oxido of methyle is acted on by nitric 
acid, it yields nitres alicy late of oxide of methyle, Ca Ha 0, 

Cm | Oa, in yellow silky prisms. With ammonia, this 

compound forms, like the corresponding ethyle compound (which 
see), nitrosalicylainide. 

The inucate of oxide of methyle is a crystalline solid, analogous 
in its preparation and properties to the corresponding salt of ethyle. 

1 0. Cyanate of Oxide of Methyle, Ct N H 3 Oa = C a Ha 0, Ca N, 0. 
This confound was obtained by Wurtz, by distilling cyanate of 
potash with sulphomethylate of potash (double sulphate of 
methyle and potash). It is a volatile liquid, of a very penetrating 
smell. W ith ammonia it yields a crystalline product, C* Na Ha Oa , 
homologous with urea, and which may bo called methylo-urea , 
since it is urea, in which 1 eq. of hydrogen is replaced by 1 eq. of 
methyle. Cyanate of oxido of methyle, in contact with water, is 
resolved into carbonic acid and a new compound, dimethylo-urea, 
isomeric with etliylo-urea, 

2 (C*N H 3 O 2 ) + 2H0 = 2C0 2 + CflNallsOa. 

Here wo havo another series of homologous compounds, not 
included in the table ; but, indeed, every compound of methyle, 
and every derivative from it yet known, is, in liko manner, 
the starting-point of a homologous series, and it will ht^en 
that the table, large though it is, admits of enormous extension 
horizontally. 

11. Allophanate of Oxide of Methyle, CaNalloOo. When the 
vapours of cyanic acid are brought in contact with pyroxilic spirit, 
this compound is formed. It is Ca Hs 0 + C* Na Hs Oa . The 
latter group is allophanic acid, the production of whioh will bo 
explained further on, under ethyle. 

12. Cyanurate of Oxide of Methyle, CiaNallaOa = 3 Cana 0, 
CoNaOa, This oompound, according to Wurtz, is formed when 
sulphomothvlato of potash is heated with cyanurato of potash. It 
is a crystalline solid, fusible at 284®, and volatile at 563°. It is 
insoluble in water, soluble in alcohol and ether. 
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Many other salts of oxide of methyle might be enumerated did 
space permit ; but those already given suffice to show that oxide 
of methyle replaces the water of hydrated acids, j ust as oxide of 
potassium docs ; or rather, that methyle replaces the hydrogen 
of hydrated or of hydrogen acids, as metals do, yielding neutral 
compounds. 

Before proceeding to the products derived by oxidation or other 
inodes of decomposition from oxide of methyle or pyroxilic spirit, 
it may be as well here to point out the existence of compounds, 
in which methyle replaces the hydrogen of ammonia, without 
destroying its hasio characters, compounds which are among the 
most remarkable which have been of late years discovered, and 
the discovery of which has very greatly added to our knowledge 
of tho organic bases. They are hero introduced, because the iirst 
of them was obtained from some of the salts described in tho 
immediately preceding paragraphs, namely, from tbe eyanato of 
oxide of methyle, from tho mcthylo-urca, and from tho cyanurate, 
polymerio with the oyanatc, 

1. Methylamine . C« If a N = N j . According to Wurtz, 

this compound is. obtained by heating cyanate of oxide of methyle 
with potash. Bearing in mind that hydrated cyanic acid (from 
which this cyanate only differs in containing 1 eq. methyle, Calls 
in place of 1 eq. hydrogen) is decomposed by potash, yielding 
carbonate of potash and ammonia, this change is readily ex- 
plained by the following equations : 

C a N 0, H 0 + 2 (K 0,n0) = 2 (CO,, K 0) + N Ih 

Hydrated Cyanic Acid. 

C» NO, MeO + 2 (K 0, HO) = 2 (CO., KOl + N j- 

Cyj^ate of Oxide of Methyle, Methjiatniuo. 

Since the cyanurate of oxide of methyle, which, as we havo 
seen, is tribasic, is polymeric with tho cyanate, its equivalent 
being exactly 3 times greater, wo have only to multiply the last 
equation by 3 to explain the production of methylamine from the 
cyanurate. From methylo-urea it is obtained as follows, com- 
paring tho action with that of urea : 

CaNaHUOa-f* 2 (K 0, H0) = 2(C Oa, K 0) + N Hs + N Hj 
Urea. 

C.N.H.O.+ 2 (K 0, H 0)s= 2 (C 0., K 0) + N H. + N } 


Methylo’Urca. 
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These equations show, that, as in tho compounds employed, 
hydrogen has been replaced by methyle, C 2 TT 3 , so in. the products 
the same substitution continues. And if we regard ammonia as 
the hyduret of amide, N Ha , II, then methylamine is methyla- 
mide, N Ila, Me = N Ha, Ca Hs = Ca Iis N. 

Methylamine has also been observed among the products of 
decomposition of several organic compounds, such as morphine, 
codeine, caffeine, Ac., and is probably a constituent of many 
natural products. It is found also iu the oil obtained by distil- 
lation from animal matter. 

Methylamine is a condensible gas, of Sp. G-. 1*075, At or a 
little below 32°, it forms a mobile liquid. It has a very pungent 
smell, so like that of ammonia, that it has certainly been 
frequently taken for ammonia, when accidentally formed, and 
thus overlooked. It is, of all known gases, the most soluble in 
water. At 50 3 water takes up about 1150 times its volume of 
the gas. The smell of the gas and of its solution, although 
closely resembling that of ammonia, has yet something empyreu- 
inatic and peculiar. Methylamine is distinguished from ammonia 
by the property of kindling at a candle, and burning with a 
yellowish flame. Ammonia can only bo kindled in oxygen gas. 

Methylamine is a very powerful base. It neutralises the 
strongest acids, and forms thick whito vapours with the volatile 
acids, like ammonia. It acts on metallic solutions as, for example, 
those of silver and copper, exactly like ammonia. The salts of 
methylamine aro closely analogous to those of ammonia, and the 
bichlorides of platinum and mercury, and the tcrchloride of gold, 
form double salts, resembling the corresponding compounds of 
ammonia. Nay, when methylamine acts on protoehlorido of 
platinum, it gives rise to a series of bases perfectly homologous 
with those described under ammonia, but which our limited space 
forbids us to describe in detail. 

When sulphate of methylamine is evaporated along^with 
cyanate of potash, methylo-urea is obtained. It would appear 
that the body thus obtained has all tho properties of a urea, and 
that tho compound already described under that name is perhaps 
only an isomeric modification of it. 

When heated strongly, methylamino is decomposed, yield- 
ing cyanide of ammonium, hydrocyanic acid, marsh -gas, and 
hydrogen. Thus : 

3 (OaHaN)=:N H*, ChN + H, CaN + C*H* + Ha. 

Methybx amide } C* N H* Oa . When the oxalate of methy- 
lamine, Ca Ha N, H 0, Oa Os , is boated, it yields methjloxamide } 
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homologous with oxamide. But this oompound, like oxamide, is 
hotter obtained by the action of the base itself on oxalio ether, 

C. Hs 0, 0. Os + C» Hj N = C. He Oe + C,NH. 0». 

V ^ ✓ 

Oxalic Ether. Methylamine. Alcohol. Methyloxami.de. 

Methyloxamic acid , Ce N Os , H 0, is obtained, like ox ami c 
acid, by heating tho binoxalate of the base. 

OsHsN, HO, C*0 8 +C*0a, H 0 = 2 II 0 + C«NH*05, HO. 

s y - ' v r— — ' 

Binoxalate of Mothylamiuo. Mcthjloxamic Acid. 

Tbese two products are homologous with, and perfectly analo- 
gous to, oxamide and oxamio acid. Methyloxamido, however, is 
soluble in water. 

It is hardly necessary to add, that for every neutral amide, 
such as oxamide, benzamidc, &o., as well as for every acid amide, 
such as oxamio acid, carbamio acid, <&c. , wo may expect to have 
a corresponding compound, in which 1 eq. of hydrogen is replaced 
by methyle, or, what is the same thing, amidogen, N, II H, is 
replaced by methylamidogen, N, II Me.* 

Methylamine, when acted on by chlorine, bromine, and iodine, 
yields substitution products, which as yet have been little 
studied. Those of the corresponding base, ethylamiuo, appear 
to have lost the basic character, as will be explained further on. 
Here it is only necessary to state that methylawino does yield 
similar products. 

AVe have seen that methylamine is the first member of a series 
of bases, homologous with ammonia ; and we may even regard 
ammonia itself as an organic base, and the true starting-point of 
the series, as hydrogen is of the scries of radicals to which 
methyle belongs. The series will be seen in the last column of 
the table of bomologous compounds, and it will bo observed that, 
view^as the starting-point of that series, ammonia is to be repre- 
sented as hydraraide, N n« H ; and that it is this la&jt atom of 
hydrogen which is replaced by methyle and its congeners, so 
that we have 

Ammonia HaN = N Hu, II 
Methylamine Culls N = N Hu, Me 
Etliylamine C* II 7 N = N II* , Ae, Ac. 

At each step Oa Ha is added — or, what is tho same thing, in eaoli 
base, amide, N Ha , is combined with methyle, Ca II 3 , othyle, C* 
H*, &o., &o., these radicals differing by Ca Ha. This maybe 
called the first series of bases, homologous with ammonia, or 
amide bases, since in them we have amide, 3Sf Ha, plus the 
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radicals. The general formula of this series is either, Ad. (amide) 
4 - Cn Hn + ij or Cnlln + o N. Wo shall see that a consider- 
able number are known of this first or methylio series of amide 
bases, as well as several of a second or phenylic series also of 
amide bases, of which aniline (phenylamine) is the type*. And 
doubtless other series will be discovered, still of amide bases . 

But there are already known some series of bases, homologous 
with ammonia, yet not amide bases , for our knowledge of which 
wo are indebted to Hofmann. The first of these is that of the 
imide bases of the methylio radicals. The name imide is given to 
the compound N H, or amide minus hydrogen, which exists, 
combined, in certain derivatives of ammonia. 

Now, to understand tho formation of imide bases, ammonia 
must be viewed as N H, 1111; the group N H being imide ; and 
we have then to replace the 2 cqs. of hydrogen beyond it by* 
methyle, ethyle, &c. This may be dono in the case of methyle by 
causing bromide of methyle to act on methylamine. 

Mo Br + NH, II, Me = II Br + N H, Me, Me. 

2. Dimethyl amine . — The new base is called dimethylamine. It 
has not yet been studied, but tho corresponding ethyle base, die- 
thyiamine, has been obtained, and will be described under that head. 
Its formula must be C* II 7 N, and it is isomerio with ethylamine. 

Ilofmann has, however, obtained and described some other 
imide bases, in which, whilo the first eq. of hydrogen is replaced 
by methyle, tho second is replaced by a different radical, such 
as cthylo or phcnyle. Of these the best known, as yet, is Methy- 
laniline or Mcthylophenylamine, N H, Ph Me, which is an imide 
base, formed from methylamine by tho substitution of 1 eq. 
phenyle, Cu II® , for 1 eq. of hydrogen. This base will be 
described under phenyle. Many similar bases will, no doubt, soon 
bo known. 

3. Trimetkylamine . — But this is not all, for Hofmann has shown 
that a third series of bases, homologous with ammonia, may bo 
obtained, iu which the third eq. of hydrogen is also replaced by a 
radical of tho mothylic class, or of any other similar class. These 
are called nitryle bases , to imply that in them only the nitrogen of 
the ammonia is left. Ammonia may be viewed as N -f- II, II, II ; 
and if we suppose all these oqs. of hydrogen replaced by methyle 
we havo trimethylamine, N -f Me, Mo, Me. This base certainly 
exists, and has been found in the brine of pickled herriugs, to 
which a salt of this base gives its peculiar flavour. The base, iu 
this case, is Co IIu N, and was at first supposed to be propylamine, 
NHa , Pr as NH» , Co Ht ; but it has been shown to be really tri- 
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metbylamine, which is isomeric with propylamine. Hofmann has 
since shown that trimethylamino and its salts possess the peculiar 
flavour observed in the brine above alluded to, in which trime- 
thylamino has probably been formed by a transformation, possibly 
a kind of putrefaction of some animal compound contained in 
the fish. 

The imide base, methylethylamine, NIT, Me Ae = Co Ho N, is 
isomeric with both trimethylaraine and propylamine, but is quite 
distinct from both, although, like them, it is an oily base, analogous 
to ammonia. 

As we rise higher in the series, we shall find that the number 
of imide and nitryle bases, isomeric with any amide base, steadily 
increases. The reason of this is, that, since all these classes have 
the same general formula Cn Hn »N, so when the number of eqs, 
of carbon increases, there must be more ways of making it up by 
different combinations of radicals differing by 2 oqs. of carbon, 
or by multiples of two. And as, for each of the three eqs. of 
hydrogen in ammonia, any radical of the formula Cn lln + i may 
be substituted, all such combinations must yield Ou lln + sN what- 
ever the amount of C may be, so long as radicals of the formula 
Cn Hn + i only are used. When radicals of tlie phenylic scries 
are introduced, this law no longer holds, because in that series 
the formula of the radicals is C» Hn — 7 , and that of the bases 
formed by these radicals must be On lln— sN, so long as these 
radicals alone are used. And of course, where radicals of both 
series replace the hydrogen of ammonia, the formula must vary, 
and cannot be reduced to a general one. Ethylophenylamine, for 
example, which is N H, Ae Ph, is = Cio H\o N, while methylo- 
phenylamine, N II, Me Ph, is Ci* lTs N. These two, and others 
like them, would come under the formula Cn Hn — oN. But such 
a base as ethylodiphenylamine, N Ae Ph Ph — C 26 IL a N, and its 
congeners, would require the general formula On Hn — 13 N ; and 
dietlfytophenylamine, N, Ae Ae Ph=C«o Hia N, would come under 
the general formula Cn Hn — »N, as would also its congeners. But 
the general formula Cn Hn + 3 N will, as has been said above, 
include all bases, whether amide, imide, or nitryle bases, in which 
the hydrogen of ammonia is replaced by 1, 2, or 3 equivalents of 
the radioals of the methylic or ethylic serios, Cn Hn + 1 . Triethy- 
lamine has been described by Hofmann. 

There are many other nitryle bases, in which 2 eqs. of hydrogen 
are replaced by one radical, and 1 eq. by another, or all three by 
different radicals. Thus methylethylanilme, N, Mo, Ae, Ph =s 
Cia His N, has been obtained, with many others, by Hofmann. 
These will he described in their proper places. 

Thus it will be seen that we are acquainted with three dif- 
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ferent forms of substitution bases, derived from ammonia, and 
all homologous with it. If It represent any one radical, then 
we have 

1. Amide bases. 2. I mi do bases. 3. Nifryle base**. 

N Ha + It. NH + RR. N +» E It It. 

And if X, Y, Z, represent any three radicals, we havo 

1. Amide bases. 2. Imido bases. 3. Nltrylo bases. 

N Ha + X (Y or l\ NH + X Y (or Y Z orXZ) N + XYZ 

or X X Z 
orYYZ, &c. 

Hut even this is not all ; for Hofmann, by studying the action 
of iodide of methylo on ammonia, has obtained a new base of the 
most remarkable composition and properties, which is the start- 
ing point of a new and very extensive series of homologous 
compounds and substitution products. 

4. Tctramethylium , N, Me* = Cs Hia X, is obtained, in combina- 
tion with iodine, when iodide of methyle acts on ammonia. Along 
with it, however, are formed the iodide of ammonium, and the 
hydriodates of methylamine, dimethylamine, and triraethylamine 
(which last three compounds may bo also called iodides of 
metliylimn, dimethylium, and trim ethy Hum). The new com- 
pound, like ammonium, cannot be obtained in the separate form, 
but its iodide crystallises ; and when this salt is decomposed by 
oxide of silver, thei'o is formed, along with the insoluble iodide of 
silver, the hydrated oxido of tetramethylium, which is soluble, 
and when evaporated in vacuo, yields a deliquescent crystallino 
mass, which, like potash, attracts carbonic acid from the air. 
The oxide is a powerful base, almost caustic, and bitter. Its salts 
crystallise. This new base, which corresponds to hydrated oxide 
of ammonium, or ammonia plus 2 eqs. of water, N II 3 , IM) 

H O, or N O, H 0, and to hydrate of potash, K 0, H 0, has 
all the characters of a strong alkali ; whereas hydrated oxide 
of ammonium does not differ from ammonia and water. The new 
base has therefore no exact analogue. It belongs to a series quite 
distinct from that of methylamine, &o. ; for these all correspond 
to ammonia , while the radical of this base corresponds to ammo- 
nium, Triethylamine, plus water, is a true analogue of ammonia 
plus water, but in the new baso we have new characters. It is 
not volatile, like methylamine and its oongeners, which, like 
ammonia, refuse to yield the oxides or hydrated oxides of their 
supposed metals. We should expect, from the analogy with 
ammonia, that on separating the hydrated oxide of tetramethylium 
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firera its salts, it would resolve itself into trimethylamine and 
methylio alcohol, but it does not ; it forms a permanent, non- 
volatile hydrate. The following table shows the relations of the 
base to ammonia : — 

N H» zz Ammonia N Mea :r: Methyl ammonia 

(Trimethylamine) 

N H* Ammonium N Me* = Tetramethylium 

N H* 0 = Oxide of ditto. N Me* 0 = Oxide of ditto 

N H* 0 + H 0 = Hydrated Oxide of do. N Me* 0, H 0 = Hydrated Oxide 

of ditto. 

This base acts on metallic solutions like potash, and converts 
oils into soap when boiled with them. The chloride of tetra- 
methylium forms with the chlorides of mercury, gold, and 
platinum, double salts perfectly analogous to thoso of potassium 
and ammonium. Thus, 

Double Chloride of Platinum and Ammonium = N H* Cl -f Pt Ch. 

Ditto Ditto and Tetramethylium ss N Me* Cl Pt Cla . 

Here, then, we have a totally unexpected now series of com- 
pounds, in which the 4 eqs. of hydrogen in ammonium are all 
replaced by methyle and its homologues, as well as by other 
radicals, and in these, the supposed metals corresponding to 
ammonium, although not yet known in the separate state, yet 
yield what ammonium does not, permanent hydrated oxides. And 
the 4 eqs. of hydrogen may be replaced by one, by two, by three, 
or by four different radicals, as will be seen further on. 

The best character of the hydratod oxides of theso homologues 
of ammonium is that they are not volatile, hut are decomposed 
by heat, and that they are powerful bases. Their existence leads 
to thgjguspicion, that there may be a base, oxide or hydrated 
oxide of ammonium, different, from the hypothetical one, which 
is simply ammonia plus water. If such a compound exist, it will 
probably not bo volatile without decomposition, and it may 
possibly be capable of assuming the separate form, under intense 
cold, combined with great pressure. But we must not theorise 
too far, nor allow ourselves to be carried away by analogy. 
Hitherto the fourth atom of hydrogen in ammonium, N H*, or its 
oxide, N II* 0, has been regarded as being quite distinct from the 
rest ; when ammonia, or its salts, took up an atom of water, the 
hydrogen was supposed to convert the ammonia into ammonium, 
which then took up the oxygen to form the oxide. It was thought 
that trimethylamine, N, Mea , in which the 3 eqs. of hydrogen 
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wore replaced, was the limit of this substitution, and that we 
should have 

N Ha + H = Ammonium N II*, and 
N Mes + H = Trimethylium N JJ ea J- 

and the action of trimethylamine on acids corresponds exactly 
to this view. It takes up 1 eq. of water, and forms, probably, 

the oxide of trimethylium j 0, which, like oxide of ammo- 
nium, is resolved, when separated, into water and trimethy- 
lamine. 

N II* 0 =nO+N Ha 
N jj 63 j- 0 = II 0 + N . 

On this view, hydrochlorate of methylamine is chloride of tri- 
methylium, just as hydrochlorate of ammonia is chloride of am- 
monium ; and sulphate of trimethylamine is sulphate of oxide of 
trimethylium, as sulphate of ammonia is sulphate of oxide of 
ammonium. 

But now we find that the fourth eq. of hydrogen can also ho 
replaced by methylo, &o., and that the new metal ft Me* is pro- 
duced, which forms an oxide and a hydrate of totally new 
properties. Hofmann found it impossible to rejdace any more 
of the hydrogen in tho new body, showing that the true limit of 
substitution is ammonium, ft T H* , and not ammonia, ft T Ha . Yet 
when the fourth eq. of hydrogen is replaced, the base, which is 
now a hydrated oxide, loses tho character of volatility which it 
had retained as long as only 3 eqs. were replaced. This proves 
that there is a difference, although not to the extent formerly 
supposed, between the fourth eq. of hydrogen in ammonium and 
the other three. Probably the true cause of the instability of 
oxide of ammonium and of those analogous compounds which 
like it, have 1 eq. of hydrogen, the fourth, derived from water, is 
this, that the tendency of their 1 eq. of oxygen to form water 
with 1 eq. of hydrogen is so strong as to overturn the equilibrium 
of the oxides ; whereas, in tetramothyliura, the affinity of the 
oxygen for the fourth atom of methyle is not sufficient to do this. 

We have dwelt somewhat fully on those new compounds, not 
to detail their individual properties, which our space forbids, but 
to explain the important general laws whicli regulate their 
formation, and which have an important bearing on the theory 
of tho formation of natural organic bases. The reader will bear 
in mind that wo have four series of bases derived from ammonia 
and ammo nium \ three of which are volatile like ammonia, 
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namely, the amide t imide t and nitryle bases, while the fourth is 
not volatile without decomposition ; those are called ammonium 
bases . It was necessary here to explain their naturo ; but we 
shall return to the general considerations under the head of 
organic bases. 

Zincomethyle , Ca Ha Zn, When iodide of methylo is heated 
along with zinc in a sealed tube, a white crystalline product is 
obtained. When this product is distilled in an atmosphere of 
hydrogen, it yields a volatile liquid of a very fetid smell, the 
vapours of which aro very poisonous. It takes fire spontaneously 
on contact with tho air, and burns with a bright greenish blue 
flame, depositing a large quantity of zinc and oxido of zinc. 
This i9 zincomethyle, apparently a new radical. It was disco- 
vered by Frankland. in contact with water, it is decomposed 
with ignition, yielding oxide of zinc, and hyduret of methyle 
(marsh-gas), Ca Ha Zn 4 - II 0 = Zn 0 4* (Ca Hs, II). 

It would appear that tin, and probably also, bismuth, forms a 
similar radical, but of these hardly anything is yet known. 

Stibiomethyle , Co Hs , Sb = Sb Mgs . This compound is formed 
when iodide of methyle is heated with an alloy of potassium and 
antimony. It is a volatile liquid of an offensive odour, sponta- 
neously inflammable in air, insoluble in water, solublo in alcohol 
and ether. It is a compound radical of very powerful affinities, 
combining energetically with the elementary bodies. It takes 
np 2 eqs. of oxygen, chlorine, &o., and its oxide is basio 
(Landolfc). The Corresponding etliylc radical and its compounds 
will be described farther on. 

Stibiomethylium , Cs Hia Sb rr Sb Me* . According to Landolt, 
when iodide of methylo is added to stibioraothyle, there is 
formed the crystalline iodido of a compound radical, analogous 
to ammonium, which ho henoe calls stibiomethvlium. Sb 
Mes 4- Me I = Sb M*, I. 

the action of oxide of silver on this iodide, the oxide 
is formed. Sb Me* I 4- Ag 0 = Ag I 4- Sb Me* 0. This is 
obtained as a hydrate, in the form of a white crystalline mass, 
Sb Me* 0, H 0, which in alkaline characters may be compared to 
caustic potash. It may be volatilised by careful heating, but if 
suddenly heated is decomposed, yielding vapours which take fire 
spontaneously. It forms, with acids, salts which are analogous 
to, and isomorphous with, those of oxides of potassium and 
ammonium. 

Some very remarkable compounds are known, in which arsenic, 
and arsenic and platinum are combined with methyle. We shall 
now mention thoso. 

When acetate of potash is heated along with arsenious acid. 
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a very remarkable liquid is obtained, which is the oxide of a 
ueW radical. This liquid, which is spontaneously inflammable, 
and has a most offensive alliaoeous smell, has been long known 
in an impure state, under the names of the liquor of Cadet, and 
alkaraine . Bunsen, by a long series of the most profound and 
persevering researches, established its true character as the oxide 
of the radical kakodyle , He has even succeeded in obtaining 
the radical itself in the separate state, and in establishing the 
most perfect analogy between that radical and a metal, in all its 
chemical relations. 

Kakodyle , 0* He As = As Mea . The radical is best obtained 
from the chloride of kakodyle, lid Cl, by the action of zinc at 
212°. Chloride of zinc is formed, and kakodyle is set free. It 
is rectified in an apparatus filled with carbonic acid gas, to 
prevent decomposition. It is a clear liquid, refracting light 
strongly. When cooled, it orystallises in largo square prisms, 
and acquires, when pure, the appearanco of ioe. Its smell is 
insupportably offensive, and its vapour is highly poisonous. The 
two latter characters belong to ail the compounds of kakodyle, 
with hardly an exception. Kakodyle is spontaneously inflam- 
mable in the air; a rod moistened with it instantly takes fire 
when exposed to the air. It forms two distinct oxides: the 
protoxide, Kd 0 (alkarsine), and kakodylie acid, Kd Os . 

Kakodyle may bo viewed, either as a compound radical, acting 
as an clement, or as a coupled compound, the affinities of which 
depend on one part, the other being merely a copula. Kolbe 
regards it as arsenic, coupled with methyle, the latter not 
affecting the affinities of the metal. But since arsenic always 
takes 3 and 0 eqs. of the elements, while all the compounds of 
kakodyle except kakodylie acid, take only 1 eq,, it is more 
probable that the active part of the compound is 1 eq. methyle, 
Me, coupled with Me As. Its formula will then be (Me As) Me, 
and its oxides will correspond to those of manganese, thus, 

Mu 0 Protoxide. (Me As) Me, 0 Protoxide, 

Mu Os Acid. (Me As) Me, 0» Acid. 

The chloride, bromide, iodide, sulphuret, Ac., correspond perfectly 
with those of manganese, but not with thoso of arsenic. 

Oxide of Kakodyle. As Mea 0 = Kd 0. This is the chief 
ingredient of tho liquor of Cadet ; it is purified by repeated 
rectifications in an atmosphere of carbonic acid, and is, when 
pure, a limpid ethereal liquid, refracting light powerfully ; it 
boils at about 300°, and at — 9° it crystallises in white scales of a 
satiny lustre, Its smell is most offensive, and its taste very 
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xfauseous. If placed on tho skin it causes violent itching, and 
if taken internally it is a most energetic poison* It is sparingly 
joluble in water, more soluble in alcohol and ethor. like kako- 
dyle, it takes tire when exposed to the air. When loft under 
water, it gradually disappears, being for the most part converted 
into kakodylio acid. Tho production of oxido of kakodylo is 
very simplo : 2 cqs. dry acetic acid and 1 eq. arsenious acid yield 
4 eqs. carbonic acid and 1 eq. oxido of kakodyle. 2 (C* Ha O 3 ) 
+ As O 3 = 4 C Oa 4- C* Ha As 0. 

Kakodylio acid , Kd 0». Formed by the gradual oxidation of 
the protoxide, under water. It forms oblique four-sided prisms, 
brittle, and of a glassy lustre. They have no smell, and are 
soluble in water and alcohol. Its salts do not crystallise. Many 
reducing agents convert it into the protoxide by removing 2 eqs. 
of oxygen. It is not in the least poisonous. 

There appears to be an intermediate oxide, Kd Oa ; but it has 
not been obtained in a state of purity. 

Chloride of Kakodyle , Kd Cl = C* Ho As, Cl, = Kd Cl, is 
obtained by heating a compound of oxido of kakodyle and 
corrosive sublimate along with hydrochloric acid : Kd ( >, Ifg 
Cla 4 H Cl = Kd Cl 4 II 0 4 Mg Cl». It is a volatile, horribly 
fetid liquid, tho vapour of which attacks strongly tho lining 
membrane of the nose, and provokes a flow of tears. When 
exposed to the air, it deposits crystals of an oxychloride of 
kakodyle, Kd 0 4 3 Kd Cl. The iodide, bromide, and fluoride 
of kakodyle, are in all points analogous to the chloride ; and 
form, when exposed to the air, oxyiodide, oxybroinidc, &c. 

Sulphur forms with kakodyle three compounds ; the profositl- 
phurety Kd S, is obtained by distilling chloride of kakodyle with 
hydrosulphurct of sulphurct of barium : Kd Cl 4 Ma S, H S = 
Kd S 4 Iki Cl 4 H S. It is a clear, volatile, very fetid liquid, 
heavier than water. It dissolves sulphur, forming th v hisuljdnmt 
Kd Ba, which is a very permanent compound. The prrsufphitret \ 
KA^. , is a sulphur acid, and forms sulphur salts, which art) very 
permanent, with the sulphurets of highly basic metals. „ Tho 
sulphur salt of kakodyle and lead, Pb B, Kd Bs, crystallises 
beautifully. 

Cyanide of Kakodyle , Kd Cy = C* 1T« As, Ca N, is formed by 
distilling bicyanide of mercury with waiter and oxide of kakodyle. 
When pure, it forms large brilliant crystals, very fusible and 
volatile. The vapour of this compound is so poisonous as to be 
in the highest degree dangerous to the experimenter. 

Kakoplatyle . Kd, Pt 0, H 0. This radical is not yet known 
in a separate form, and it would seem probable that the formula 
here given is rather that of an oxide, possibly of a hydrated 
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oxide. -If if be the radioal, it contains the elements of kakodyle, 
protoxide of platinum, ftnd water. It is, in all probability, a 
somewhat complex coupled compound, in which, perhaps, from 
the aspect of its salts, platinum is the active element. 

Chloride of Kakoplatyle , C* Hj As Pt Oa, Cl. This compound 
is formed when an alcoholic solution of bichloride of platinum 
is added to a similar solution of chloride of kakodyle, when a 
reddish-brown precipitate is formed, which, being boiled with 
water, gives a solution from which, on cooling, needles of the 
new compound are deposited. Bromide of kakoplatyle and iodide 
of kakoplatyle may bo formed from tlie chloride, and are analo- 
gous to it. The former appears in largo yellow crystals, the 
latter in golden micaceous scales. 

When the chloride is acted on by sulphate of silver, there is 
obtained, aloug with chloride of silver, the sulphate of the 
oxide of kakoplatyle, Ci H7 As Pt Oa , B Oa . It forms white 
crystalline grains. The compounds described are : — 


Radical, Kakoplatyle 
Chloride of do., anhydrous 
Chloride, hydrated 
Chloride, animoniated 
Oxide, hydrattd 
Sulphate, hydrated 


Pt 0, -f Kd + H 0 = CUL As Pt 0* 
Pt 0, Kd + Cl 
Pt O, Kd + Cl -f H 0 
Pt O, Kd + Cl + N II, 

Pt 0, Kd + O + II 0 
(Pto, Kd + o, HO)+SO». 


It is to he particularly borne in mind that this radical, whose 
basic character is quite obvious, contains two metals, arsenic and 
platinum, quite foreign, in general, to organic compounds. But 
it cannot be considered as having yet been fully investigated. 

The existence of kakodyle itself, and the perfect analogy which 
may be traced between it and the simple metals, in their relations 
to all other substances, render the "results of the researches of 
Bunsen, which have been so very briefly described in this w^rk, 
of the very highest importance to tho theory of organic com- 
pounds, and especially to that of compound radicals, Kakodyle 
was the first electro-positive radical ^pver isolated ; but tho pro- 
gress of discovery has made known a largo and increasing number 
of such radicals. 

Methyle and Phosphorus . — It will be remembered that phos- 
phuretted hydrogen, P Ha, Is in some respects analogous to 
ammonia, and possesses basio properties. Paul Thenard has shown 
that thero are three compounds of phosphorus and hydrogen, 
namely, P«H, P II2, and P Hs. The same chemist has obtained 
now bases, in which the hydrogen of these compounds is replaced 
by methyle. Thug, wo lmvo 
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HIOSPHORISED BASES. 


PjH 

and Fa Me 

zz Ca Ha Fa 
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and F Me* 

= C*IIeP 

H 1 

H 1 
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l = CaHfiP 

uj 

MeJ 

1 

11 1 

I Me 1 

1 
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y and P Mo 1 
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Hj 

1 Mej 

I 


The compound P Me2 = CilleP is a liquid of a most insupport- 
ably fetid smell, and very poisonous, obviously corresponding to 
kakodyle, (hlloAs. It is spontaneously inliaminable, but wlien 
slowly oxidised yields a crystalline acid product not yet examined. 
It combines with 1 eq. of hydrochloric acid to form a very stable 
cry stalli sable salt. With two equivalents of the acid, it yields a 
liquid compound of little stability ; and when acted on by excess 
of the acid, it yields the hydrochloratc of the base P Mes , and 
the compound Pa Me. 

The first hydrochlorate, P Ha Me, 11 Cl, when heated with 
water, yields an acid liquid, and a new gas, which appears to bo 
basic, but when oxidised is converted into another acid. This gas 
appears to be P II» Me. 

The body Pa Me, is a yellow solid, insoluble in water : but the 
compound P Mcs is a powerful base, not spontaneously inflam- 
mable, which by absorbing oxygen yields a new acid product. 

It will bo seen that there is opened up here, as well as in the 
preceding section of those compounds in which metals are added 
to methyle, &e., a new and extensive field of discovery. It cannot 
ho doubted that many other radicals may be substituted for 
metbylo, and in all varieties of proportion, or that other bodies 
will be found to play the same part, as zinc, antimony, arsenic, 
and phosphorus. Indeed, tellurium, tin and mercury, are 
already known to do so. 

VIIO DUCTS OF Til K OXIDATION OK 11 VDliATEI) OXIDE OF 
MET II V EE, 

When hydrated oxido of methyle is oxidised by means of 
platinum powder, it is finally converted into pure formic acid. 
There is evidently, therefore, the same relation between me- 
thyle and formic acid, as between ethyle and acetic acid ; 
and on comparing the formula) of pyroxilic spirit and of 
formic acid, Ca H3O, H 0, and CaH Os, H 0, we perceive that the 
former, to bo converted into the latter, must have lost 2 eqs. of 
hydrogen, and taken up 2 eq. of oxygen. This is exactly what 
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takes place with alcohol, and there can be no doubt that the 
pyroxilic spirit yields an intermediate compound, exactly analo- 
gous to aldehyde, although this lias not yet been isolated. Such a 
compound would be the hydrated protoxide of a derived radical 
formyle , analogous to acetylo, of which formic acid is the hydrated 
peroxide ; and its formula would be (Call) O + II 0. We shall, 
therefore, assume the existence of this radical, and proceed to de- 
scribe its compounds, which are quite analogous to those of acetyle. 

Formyle i, Call— Fo. This radical is unknown in a separate 
form, as are its protoxide and deutoxide, corresponding to 
aldehyde and aldchydic acid. But when hydrated oxide of 
methyle is distilled with sulphuric acid, water, and peroxide 
of manganese, a volatile liquid is obtained, which is a mixture 
of formiate of oxide of methyle, and another liquid called 
methylal. When purified this latter has the formula C« 0*, 
which indicates, that it is composed of C 2 II 0, I£ 0, or hydrated 
oxide of formyle, and 2 eqs. of oxide of methyle, 2 (Ca I Is O). This 
compound, hi icily, Fo 0, 11 0 -f 2 Me 0, corresponds to acetal in 
the series of cthyle ; acetal being Ac 0, II 0 + Ac 0. 

Although not yet known in the separate form, as methyle is, 
yet the existence of formyle may be assumed, as a means of 
classifying a number of facts. It will be observed that formyle, 
Ca II, is methyle, Calls, minus 2 eqs. of hydrogen. Formyle 
ta therefore regarded as a derived radical, derived from methyle 
by the action of oxygen, which removes 2 eqs. of hydrogen ; 
and it is the starting-point of a series of such derived radicals, 
differing from those of the methyle series by containing 2 
eqs. of hydrogen less. These derived radicals (see column 4 
of the table of homologous compounds) are distinguished by 
forming hydrated protoxides or aldehydes (column o) and ter- 
oxides, which aro strong acids, the volatile acids, C\» Hn O* 
of column (i. The properties of the aldehydes will be detailed 
under acetyle, because the hydrated oxide of formyle is hx-dly 
known. But formic acid is the starting-point of the re- 
markable series of homologous volatile acids, and 011 this 
account deserves paiticular attention. It will be seen that 
the two first acids of this series aro very powerful, and, although 
volatile, not at all oily ; these aro formic and acetic acids. But, 
as tho quantity of carbon and hydrogen increases, the acids 
become by degrees less powerful, and acquire the character of 
oils, and dually of fats. Tho third in the scale is slightly oily, 
and loss soluble iu water than tho tw r o first. This is propy lie acid, 
Co Ha 0*. The fourth, butyrio acid, Calls 0±, is more oily and 
still loss soluble ; the fifth, valerianic acid, C 10 U 10 0* , is hardly 
soluble, and very oily, and the acid w T ith 20 eqs. of carbon, caprio 

0 2 
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acid, is a solid fat at ordinary temperatures, as arc all above it in 
the scale. Another character of the radicals of the forniylo series 
is that of forming terchlorides, the first of which, terchloride of 
formyle, or ohloroform, has very valuable properties. Perhaps 
other compounds, homologous with chloroform, may also bo found 
useful when they shall havo been studied. 

Formic Acid. Ca II Os , II 0 = Fo (h , II 0. 

This remarkable acid occurs in the red ant, Formica rnfa , and 
may be obtained, in a diluted and impure state, by infusing these 
insects in water. Its production from pyroxilic spirit has been 
described above. It may also be prepared by distilling a mixture of 
starch or sugar with peroxide of manganese, water, and sulphuric 
acid ; and it is formed under a great variety of circumstances from 
many organic compounds, especially when their oxidation is 
carried to a point somewhat short of complete oxidation, the for- 
mula of this acid being very simple, and approaching nearly to 
that of carbonic acid, the ultimate product of the oxidation of 
their carbon. 

To prepare the hydrated acid pure and concentrated, the dry 
formiate of lead, Pb 0, FoO», is decomposed by sulphuretted 
hydrogen gas, and the vapour of the formic acid condensed in a 
well-cooled receiver. It is boiled for a few moments to expel 
any sulphuretted hydrogen. It is a clear liquid of Sp. G. 1*2150, 
fuming slightly, and has a very pungent acid smell. Below 32" 
it crystallises in brilliant scales. It boils at 212°, and its vapour 
is inflammable, burning with a blue flame. This is probably 
owing to tho formation of carbonic oxide, for the acid r a U O**, 
11 O, contains the elements of 2 eqs. carbonic oxide, C* 0 3 , and 
2 eqs. of water, Ha Oa . 

With 1 cq. of water it forms the second hydrate, Fo Oj -f~ 
2 H 0, which much resembles the first in properties. Its boiling 
poiflf is 221°, and its Sp. G. is 1*110. 

Both these hydrates are highly corrosive ; a drop of either on 
any delicate portion of the skin causes a severe hum, which 
blisters, suppurates, and is very painful and difficult to heal. 
In this respect, the formic acid can only bo compared to hydro- 
fluoric and hydrated cyanic acids. 

A weaker acid is obtained by distilling formiate of soda, lime, 
or lead, with sulphuric acid, previously diluted with half ifs 
weight of water. Ten parts of formiate of litno, 8 of oil of vitriol, 
and 4 of water, yield 9 of formic acid, of Sp. G. 1*075. 

The salts of the acid are best prepared from tho weak and 
impure acid obtained by distilling a mixture of 10 parts of 
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starch, 37 of peroxide of manganese, 30 of oil of vitriol, and 30 
of water. These materials yield 3*35 parts of formic acid, such 
that 100 parts neutralise 15 of dry carbonate of soda. From 
this acid, the lbriniate of lead may be easily prepared and purified; 
and from it, by the addition of carbonate of soda, formiate of soda 
may be obtained. 

Formic acid is easily recognised by the action of sulphuric 
acid, which decomposes, without blackening, both it and its 
salts, causing the disengagement of pure carbonio oxide. It also 
reduces the oxides of all the noble metals, and is itself oxidised 
into carbonic acid. Formic acid not only reduces the oxides, but 
also, in most cases, the soluble salts, of the noble metals. 1 eq. 
formic acid can reduce 2 eqs. of a protoxide, such as that of 
silver, 2 Ag 0 + Ca 1103= Aga -f HO -f 2C Oa; or 1 cq. 
of a deutoxide, such as that of mercury ; lig O 2 -f- Ca H O 3 = 

Hg + HO + 2CO«. 

Formic acid is a very powerful acid, and forms salts with bases, 
all of which are soluble. They are generally similar to the acetates; 
but yet quite distinct. Many metallic formiatos, when heated in 
close vessels, give off carbonic acid and carbonic oxide, leaving the 
metal reduced : others give off carbonic oxide, leaving the oxide. 

Formiate of ammonia , N II* 0, C 2 HO 3 , contains the elements 
of hydrocyanic acid and water, Ca N II + 4 II 0 ; and is con- 
certed into these compounds when its vapour is passed through 
a red-hot tube. Formiate of oxide of ethyle , prepared like the 
acetate, is a volatile ethereal liquid, with a peculiar aromatic 
smell. The corresponding salt of oxide of inetliylo is quite ana- 
logous. Formiate of potash is very deliquescent. Formiate of 
soda is also very soluble, but may be obtained in crystals. It is 
a very powerful reducing agent, both in a moist and dry way. 
In the former, it reduces the noble metals ; in the latter, at a red 
heat, by virtue of the carbonic oxide it gives off, it reduces most 
of the reducible metals, such as lead, copper, antimony, arr sue, 
cobalt, nickel, &c. Formiate of lead is sparingly soluble in cold 
water, and is therefore easily purified, and serves to prepare 
formic acid and formiate of soda. Formiate of deutoxide of 
mercury and formiate of protoxide of mercury both exist. When 
red oxide of mercury is dissolved in cold formic aoid, the former 
salt is produced ; but the slightest heat causes an effervescence, 
while formiate of the protoxide is deposited in silvery scales like 
tho acetate. These, when warmod, aro decomposed with effer- 
vescence and deposition of metallic mercury. Formiate of silver 
resembles the acetate ; but is very easily decomposed by heat, tho 
metal being reduced. 
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COMPOUNDS OP FORMYLE WITH CIItORTNE, ETC. 

When chlorine or hypochlorites act on oxide of methylc, 
hydrated oxide of methyle, and chloride of methyl e, a great 
variety of new compounds are produced, corresponding in most 
cases to the compounds obtained by the action of chlorine, &o., 
on alcohol, ether, and chlorido of ethylc. Our space forbids us 
to give the details of these decompositions ; but we may mention 
that two of the compounds formed by the action of chlorine on 
the compounds of ethyle and acetyle, may be viewed as proto- 
chloride and bichloride of formyls. These are C». II 2 Ola = 2 (Ca II, 
Cl) ; and C* TL CL = 2 ( C a H, CL ). 

But the pcrchloride or terchlorido of formyle is certainly known, 
and has of late, as chloroform , acquired a high practical value. 

Terchloride of formyle, Syn. Chloroform, (' 2 11 Cla = Fo 
Cla. This compound is best obtained by distilling pure alcohol 
with water and bleaching powder. The product is well washed 
with water and rectified, after being agitated for a short time 
with oil of vitriol, which removes traces of water and destroys 
certain oils which are usually present in small quantity. The 
rectified chloroform should have the >Sp. (J. lvIO to 1*30, and 
should not colour oil of vitriol when shaken with it, unless to a 
very trifling extent. If it colours the acid strongly, or if, when 
evaporated on the hand, it leaves an unpleasant odour, it is not 
fit for use, and must be again washed and rectified. It may bo 
prepared also from pure pvroxilio spirit, but alcohol yields 
it purer. 

Chloroform is a transparent, colourless, volatile liquid, of Sp. 
Or, 1*5 : it has a peculiar heavy sweetish smell, and when inhaled 
from the hand, from a sponge, or handkerchief, soon produces 
insensibility to pain, and indeed a sort of coma. But if too 
spangly or timidly applied, the effect often stops at the stage of 
excitement, similar to that produced by inhaling tho nitrous 
oxide, which latter, being a gas, cannot conveniently be adminis- 
tered in a full dose, since one of its first efIVcts is to relax the 
muscles of the mouth which grasp the tube, and thus admit air. 
But ohloroform may be held near the mouth on a handkerchief, or 
a sponge, and so much given as to carry the patient beyond tho 
stage of. excitement into that of coma and entire insensibility 
to pain. 

For the introduction of this valuable remedy we are indebted 
to Dr. Simpson, and although ether, benzole, and many other 
liquids can produce insensibility to pain, chloroform is of all tho 
most powerful, as well as the most manageable. Of course great 
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care must be taken to ensure its purity, for the oils which 
accompany it when first formed are very deleterious, and in 
administering it, one person should do nothing but watch the 
pulse and respiration of the patient, and remove the chloroform 
if necessary. With due precaution, chloroform is very safe ; and 
this precaution will prevent its being used in cases where its 
use is contra-indicated by disease of the heart, or by marked 
tendency to apoplexy. In proof of its safety, it may be men- 
tioned that in Edinburgh, where it must now have been used in 
many more than 100,000 eases, no instanco of a fatal result has 
occurred. Deaths have occurred elsewhere, but it is probable 
either that tho chloroform was not pure, or that it was used in 
cases unfit for it, or finally, that due care was not taken to 
prevent an overdose. That all these tilings can be avoided is 
proved by the results of tho Edinburgh practice. 

It has been found, of late, that although chloroform may bo 
obtained which is quite permanent under ordinary circumstances, 
— for I have some which I made more than ten years ago which is 
still quite unaltered — yet it often, perhaps generally, happens, 
that exposure to the direct rays of the sun, or even to strong 
diffused daylight, causes a decomposition, by which chlorine is set 
free, the liquid becomes yellowish, and it acquires of course the 
suffocating smell of chlorine, so that it cannot be used for inhala- 
tion. It is probable that this depends on the purity of the 
chloroform, for I have found that those portions which I had 
purified with the greatest care were the soonest decomposed by 
sunlight. It may, however, also depend on the presence of traces 
of substances used in purifying it, which may promote decom- 
position ; though, in the case of prussic acid, we find that a 
trace of sulphuric rather has the effect of rendering it more 
permanent. 

This point is not yet cleared up, but, however it may be, it is 
easy to preserve chloroform unchanged, by keeping it in a rajjqgr 
dark place, or by storing it, either in bottles of dark-coloured 
glass, or in bottles covered with dark paper. Even in clear glass, 
however, it usually keeps well in the ordinary light of a room into 
which the sun does not directly shine. 

It has been doubted whether the protoxide of nitrogen can 
produce insensibility to pain, and whether its action resembles 
that of chloroform. I can only state, that I have seen many 
cases among those who have inhaled the gas, where insensibility 
to pain was perfectly developed. This has occurred, not only in 
such as were rendered apparently insensible to all surrounding 
objects for a short time, which is now and then seen, but also in 
several who were, while under the iniluenoc of the gas, violently 
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excited and prone to laughter and muscular exertion. Some of 
these have struck wood or stone with their hands, till thoso were 
covered with blood, and have not even known; this, till tho effect 
passed off, not having felt any, inducement / to look at their hands. 
But I have also tested the insensibility to pain in various ways. 

In some cases, as already hinted, there was produced llie same 
half comatose state as is produced by a full dose of chloroform. 
These were very sensitive subjects, who had got a full dose of the 
gas before the muscles of their lips relaxed. But such oases arc 
rare. 

On the other hand, chloroform, in insufficient quantity to cause 
the coin a, often produces laughter, singing, and violent muscular 
efforts, exactly like the gas ; and when to this we add that the 
taste of the gas is almost the same as that of chloroform, aud that 
it produces the very same thrilling warmth over the whole system 
as chloroform and ether do, as I can testify from personal expe- 
rience, it appears reasonable to conclude that their action is alike, 
and that the differences observed ore only those of an earlier or a 
later stage of that action, the former being the rule in the case of 
the gas, from the mechanical causes I have specified, the latter 
being the rule in the case of chloroform or ether, of which a full 
dose is easily administered. 

When acted on by chlorine, perchloridc of formyle yields 
perchloride of carbon, C a Cl* =C 2 01 Cl», just as perchloridc of 
^cetyle, C* Ha , Cls , yields sesquiehloride of carbon, C* Clo = 
C* Cls , Cls » 

Perbromide of formyle is obtained from bromal. Periodide of 
formyle , obtained by the action of alcohol on iodine and potash, 
is a yellow crystalline, volatile solid, having an odour analogous 
to that of saffron. 

When chlorine acts on oxido of methyle C a n 3 0, it pro- 
duces, by substitution of chlorine for hydrogen, the compounds 

CJ— | Cl 0 ; C » { g. 0 ; and finally, C. Cls, 0. The second 
may bo considered as formic acid, C* H O a , in which two-thirds 
ofthe oxygen aroreplaoed by chlorine, CaH | It will thou 

be an oxychloride of formyle , analogous to oxychloride of acotyle. 

When chlorine acts on chloride of methyle, C 9 H 3 Cl, three 
compounds are formed by substitution. Those are, 1st, Ca H a 

Cl 9 =s C a | qj 2 , Cl ; 2nd, perchloride of formyle , Ca ll Cl 3 = 

Qj a , Cl ; and 3rd, as before explained, perchloride of oarbon, 
C. Cl. ss C. Cla, Cl. 
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The action of chlorine on sulphuret of methyle, Ca Ha S, 
appears to yiold, C* | S ; Ca | ; and Ca Cl 3 S. 

The action of chlorine on oxalate, benzoate, and acetate of 
oxide of methyle is quite analogous to its action on the cor- 
responding compounds of ethyle, producing the oxalate, benzoate, 

and acetate of oxychloride of formyle, C a 0 3 + C a H | ; 

C « Ha 0 3) + Ca H | £ Ia ; and C* Ha O 3 + C» H j q, . 

These curious results, like those which preeedo them, are here 
merely indicated, as we shall explain the princijde . of 1 their 
formation under the heads of ethyle and acetyle. 

In some specimens of raw pyroxilic spirit there occurs a large 
proportion of a peculiar volatile liquid, which has been called 
lignone or xylite . As its constitution is quite uncertain, although 
it is believed to contain some compound of oxido of methyle, we 
shall state what is known of it when treating of the products of 
the dry distillation of wood. 

Ethyle. C*m=:Ae. 

This, the second radical of the metliylic series (see table of homo- 
logous compounds) is obtained when iodide of ethyle is acted on by 
zinc, in closed tubes, at a high temperature, C* Ha I -f Zn = Zn 
I -f Cj, 11a . Part of the ethyle combines with another portion of. 
zinc, to form zinccthylo ; part of it is resolved into methyle and 
elayle, thus C* Ha= Ca Ha -f* Ca Ha; and part of it escapes un- 
changed. It is a colourless gas of a faint ethereal smell, burning 
with a bright white flame; its tfp. CL is 2*00394. At 32°, and under 
the ordinary pressure, it is not condensed ; but under a pressure 
of 2^ atmospheres it forms a mobile liquid. Alcohol absorbs it. 

Ethyle is, in all respects, analogous to methyle, but, according 
to the law which regulates homologous series, its density is 
higher, while its volatility is less. Methyle is gaseous under IT 
pressure of 20 atmospheres and upwards, but ethyle is easily 
condensed, and under tho ordinary pressure, boils at 23° F. At 
tho same time wo must not forget that this compound, although 
it has the formula of the radical ethyle, may, like methyle, be 
possibly only an isomerio modification of the true radical. It 
does not exhibit strong affinities, and cannot be made directly to 
combine with oxygen, chlorine, &c. But assuming it to be the 
radical, with which it is at all events isomeric, wo shall now 
consider its compounds. 

1. Oxide of Ethyle. C* Hs 0 = Ae 0. 

6m Ether . — Sulphuric Ether . This compound is found in 
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nature in small quantity, not uncombined, but in combination 
with acids, chiefly with acids of the formic and acetic series, Cn 
HnO*, so often mentioned. These compounds are neutral ethers, 
and have usually a very fragrant odour. The flavour of the pine- 
apple, melon, and various other fruits, depends on the presence of 
Buoh compounds. 

Oxide of ethyle is obtained artificially from alcohol, its 
hydrate, by heating it gently along with sulphuric or phosphoric 
acid, which removes tho water, or at all events causes the sopa- 
rajjjon of the ether from the water. The best process is as follows : 
6 parts of alcohol, or at least 90 per cent., are mixed with 9 of 
sulphuric acid, and the mixture introduced into a retort, where it 
is rapidly heated to the boiling-point, and kept at that point, 
while by means of a bent tube passing through the cork which 
stops the tubuluro of the retort, and furnished with a stop-cock, 
fresh alcohol is allowed to enter the retort so as to keep the liquid 
constantly at the original level, flowing in exactly as fast as the 
ether, &e., distils over. The products are condensed in a powerful 
Liebig’s refrigeratory ; they consist chiefly of ether, with water 
in such proportion as would convert tho ether into alcohol ; and a 
very little alcohol, sometimes none at all. The operation may bo 
advantageously continued until 31 parts of alcohol, at 90 per 
cent., have flowed into the retort, and of oourso an equal volume 
of ether and water has distilled over. 

This process, as to its final result, may be thus expressed, Ae 0, 
HO + 2(HO, S Os) = 2 (II 0, 8 Os) + 110 + Ae 0 ; that 
is, the action of heat and of oil of vitriol has caused tho 
separation of the ether and the water, which, together, constitute 
alcohol. And it is to this view of the change, which he considers 
one of decomposition by contact, that Berzelius applies his 
theory of a catalytic forco. But in reality, the process consists 
of two stages : the first is the formation of bisulphate of oxide 
ofethyle (sulphovinio acid) Ae 0, H 0, 2 8 O3 ; and the second 
hT the decomposition of this by heat into Ae 0 and II O, 2 8 Os . 
Tho bisulphate is formed when a mixture of 2 eqs. oil of vitriol, 
1 eq. alcohol, and from 1 to 3 eqs. of water, is heated to about 
285° ; and at almost precisely the samo temperature, the bisul- 
phate is decomposed, especially if the liquid bo kept in steady 
ebullition. Now, the bisulphate contains anhydrous sulphuric 
acid, qther, and water, 2 S 0» + Ae 0 + H 0; and when 
decomposed, the sulphuric acid seizes the water, thus preventing 
the ether from uniting with it to reproduce aloohol. The ether, 
therefore, distils over : but as, when tho bisulphate was formed, 
ether, Ae 0, displaced water, II Of from half the oil of vitriol, so 
now, when the bisulphate is decomposed, and while its water is 
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retained by the 2 eqs. of anhydrous acid, the vapours of ether 
traverse a liquid containing oil of vitriol diluted, both with the 
water displaced from the other part of it by the ether, and with 
the water of the alcohol (which at 90 per cent, amounts to 2 eqs. 
for 1 of ether, one combined with the ether to form the alcohol, 
the other serving to dilute it). -Now, a sulphuric acid, thus far 
diluted, and heated to a temperature even short of 28.3°, gives off 
water, and therefore the vapour of ether in passing through this 
acid, becomes saturated with the vapour of watt r, without com- 
bining with it, and thus ether and water distil over together. 
At the surface of the boiling or effervescing liquid, however, the 
ether produced by the decomposition of the bisulphate is brought 
into contact with water in the nascent state, also derived from 
that decomposition, and in this manner, according to Liebig, a 
little alcohol is reproduced, and distils over with the ether, the 
other being produced in the body of the liquid, the alcohol only 
at the sin face. It is certain that a little alcohol generally 
accompanies the ether, even in the most successful operation ; 
but it is not easy to see how, according to the above explanation, 
the sulphuric acid which, in the body of the liquid, is able to 
prevent the ether from combining with water, should fail to do 
so at the surface. The ether and water, it would appear, are 
equally in the nascent state in both situations. While, therefore, 
wo admit Liebig’s very beautiful explanation of the facts con- 
nected with the production of ether, we cannot feel the same 
certainty in regard to his explanation of the simultaneous occur- 
rence of alcohol. It will now be seen how little necessity there 
is for resorting to the mysterious agency of catalysis ; for tho 
change is not one due to contact alone, but, on the contrary, one 
depending on strong affinities very nicely Lc.luncod, and influ- 
enced to a very great extent by tho degree of heat employed. 
The idea that tho contact of oil of vitriol caused the ether and 
water of alcohol to separate, arose from the circumstance th^fc, 
the formation of the bisulphate of ethyle takes plaoe at a 
temperature quito close to that at which it is decomposed, and 
that tho formation of tho bisulphaie in this process had been 
overlooked. 

Tho orudo ether is mixed with an alcoholio solution of potash, 
so as to render it alkaline, and distilled in tho vapour-bath, as 
long as tho Sp. G. of the product does not exoeed 0*725 at 80°. 
The ether is then digested for a few days with chloride of calcium, 
or quicklime, and rectified once more with ono of these sub- 
stances. When pure, oxide of ethyle is a colourless, very 
mobile, highly refracting liquid, of Sp. G. 0*725 at 00°. It is 
very volatile, boiling at 76 J , and producing intense cold by 
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its evaporation. It has a pungent, cooling, aromatic taste ; 
and a penetrating agreeable odour. It is very combustible, and 
its vapour is apt to form dangerous explosive mixtures with air. 
When oxidised slowly, it yields aldehyde, aldehydic acid, acetic 
and formic acids. 

Ether is used in medicine as a diffusible stimulant, and in 
chemistry as a solvent, especially of organic matters, such as 
fats, fat oils, essential oils, resins, some acids, and some bases. 
Its vapour, when mixed with air and inhaled, produces a species 
of coma, or at least, in most cases, insensibility to pain ; and this 
method is now resorted to to facilitate the performance of severe 
surgical operations. In using ether, groat care must be taken, 
on account of its great volatility, not to approach a light to it, 
which would inflame tho vapour and might cause dangerous 
accidents. Care must also be taken to have air enough mixed 
with the vapour of ether, which, if inhaled alone, would cause 
asphyxia. 

In its relations to other bodies it exhibits the characters of a 
base, neutralising acids, although it does not combine directly 
with them, and forming compounds which arc subject to the 
laws of double decomposition, like salts of inorganic bases. 
These salts of oxide of ethyle aro, commonly, ethereal liquids ; 
many of them crystallising at low temperatures, and a good 
many being solid and crystalline at ordinary temperatures. 
They are often called ethers, with the name of the acid ; as 
acetic ether, benzoic ether, &c. Those ethers which contain 
organic acids are for the most part fragrant, and many fruits 
owe their fragrance to the presence of the ethers of organic acids. 
Tho melon and pine-apple, as well as the apple, have exactly the 
odour of some such ethers. The formula for tho salts ol‘ oxide of 
ethyle corresponds to that for the salts of potash, &c. Thus, as 
K 0, A_ represents acetate, and K 0, Bz benzoate of potash, so 
0, A, and Ae 0, Bz, represent tho acetate and benzoate of 
oxide of ethyle. 

The analogy between ether and metallic protoxides is further 
shown in the action of both on hvdroohlorio acid and its congeners ; 
for while K 0 with H Cl yields II 0 and K Cl, so Ae 0 + H Cl 
= H 0 + Ae Cl : that is, ether, with hydrochloric acid, yields 
water and chloride of ethyle. The same is true of tho bromide, 
iodide, &c., and by proper means both the cyanide of ethyle, Ae 
Cy, and the sulphurot of ethyle, Ae S, may be obtained. In 
short, we cannot better connect and classify the numerous facts 
now know in regard to ether, than by adopting tho view which 
considers it as the basic oxide of ethyle, a compound radioal, very 
analogous to a metal. 
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2. Hydrated Oxide of Ethyle . Ac 0, IT 0 = C*II 5 0, II 0. 
Syx. Alcohol. — This compound is formed when ether ami water 
meet in the nascent 3tatc, as wc shall see occurs when some of the 
acid salts of ethvlo arc heated, or otherwise decomposed. Hut, 
practically, it is produced entirely from sugar by fermentation. 
The juice of the grape, or any other saccharine juice, or an 
infusion of malt, when exposed to the air for a short time, and 
then to a temperature of from 40° to 8«3°, soon enters into fermen- 
tation, and a large quantity of carbonic acid is given off, while 
the sugar totally disappears, and alcohol is found in its place. 
A pure solution of sugar in water docs not ferment, but on the 
addition of yeast it does so. The juice of the grape and the 
infusion of malt both contain, besides sugar, some body which 
plays the pari of yeast, or ferment. This is, in the grape -juice, 
iibrine, and iu the malt, gluten, both of which readily enter into 
putrefaction when exposed to air and moisture, and being in this 
state, their particles in motion, this motion is communicated to 
the particles of sugar, and the existing equilibrium of atlinities 
being thereby disturbed, new compounds arc formed, in this case 
alcohol and carbonic acid. The subject of fermentation will be 
afterwards fully discussed : in the mean time it is to be observed, 
that any similar substance, in a state of putrefaction, will induce 
the fermentation of sugar; as, for example, putrefying flesh, 
blood, milk, cheese, white of egg, urine, &e., Ac., and that none 
of these ferments contribute to the production of the alcohol, or 
carbonic acid, but yield ammonia and other products. Crystal- 
lised cane sugar, C»« Hu On requires the elements of 1 eq. of 
water to yield 2 eqs. alcohol, Hi* 0+ and 4 cqs. carbonic acid, 

4 C Oa= (h Os; and grape sugar, C 12 Hi* 0, 4 , produces, besides 
the alcohol and carbonic acid, 2 eqs. of water. Thus we havo 
Ci 3 TIu On + II 0 = 2 (0* Ho Ot ) 4- 4 C Oa; and Cii Hi* Oi* 
= 2 (C\ IIo 0 a ) 4- 4 C O* -f 2 H 0. 

From the fermented liquid, which, in the case of the grape- 
juice, is wine, in that of malt, beer, ole, or wort, the alcohol is ' 
separated by distillation, and being more volatile than water, it 
predominates in the first portions distilled. These constitute, 
when from wine, brandy; when from a fermented infusion of 
malt, whiskey ; and when from fermented solution of molasses, 
rum. In these forms it still contains 30, 40, or moro per cent, 
of water, and a little volatile odoriferous oil. It is again 
rectified, and the first portions distilled aro colourless, and go 
by the name of spirits of wine. After another rectification they 
are called rectified spirits of wino. They now contain only 
alcohol, with from 10 to 20 per cent, of water, which is removed 
by digesting the spirit with quicklime, and distilling ; or by 
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rectifying over dried carbonate of potash, or ohloride of calcium. 
Pure or absolute alcohol is- a colourless mobile fluid of Sp. G. 
0*795 at 60°, and boiling at 173°. It has a burniug taste, and 
a pleasant fruity smell. Rectified spirit of wine, that of 90 per 
cent., is very similar to it, having the Sp. G. 0*825 to 0*836 : 
ordinary spirit of wine, at 70 per cent., has the Sp. G. 0*880. 
Pure alcohol has never been frozen, but, by a most intense arti- 
ficial cold, it has been brought to the state of a viscid oil, proving 
that a still more intense cold would solidify it. It is very 
combustible, and produces, in burning, a very intense heat. 
Hence spirit of wine is much used for lamps for chemical pur- 
poses. Alcohol has a strong attraction for water, and on this 
account acts as an antiseptic, preserving animal and vegetable 
substauces from putrefaction. The strength of alcohol is 
ascertained by its specific gravity ; and all chemical works con- 
tain tables of the relation between the density of the spirit and the 
per-centage. 

Alcohol is a powerful diffusible stimulant, and has intoxicating 
properties. It is much used as a solvent, for many, indeed most 
vegetable acids and bases, for volatile oils, for resins, and for 
many salts, even inorganic. Most deliquescent salts are soluble 
in alcohol, as are the caustic alkalies and iodine. Acids act on 
alcohol, producing the compound ethers. Solutions made with 
proof spirit (a mixture of equal volumes of rectified spirit of wine 
and of water, Sp. G. 0*960) are called tinctures. 

3. Chloride of Ethyle, Ac Cl = C* ll.a, Cl, is prepared by satu- 
rating alcohol with hydrochlorio acid gas, and distilling the 
knixjture in the vapour -bath, collecting the product in a well- 
oocdcdreceiver. It is formed as follows: Ac O, HO -f II (T = 
Ac Cl 4* 2 H O. It is dried by digestion with chloride of calcium. 
It is a colourless liquid, Sp. G. 0*87-1, boiling at 52°, of an aro- 
matic odour, slightly alliaceous. It is now employed in research. 
When exposed to the combined action of chlorine and the sun's 
rays, it yields by substitution a whole series of chlorinised ethers, 
of which series one extremity is ether (0* II 8 ) 0 ; and the other, 
perohloride of carbon (C* Cl ft ) Cl = 2 C« Cla. With an alcoholic 
solution of protosulpliurct of potassium, K S, it gives chloride of 
potassium and sulphuret of othyle. Ae Cl K S = Ao S -f K 
Cl. With hydro-sulphuret of sulphuret of potassium, it yields 
mercaptan , which is alcohol, in which all the oxygen has been 
replaced by sulphur. Ae Cl + K S, H 8 as K Cl -f Ae S, II S j 
the latter, mercaptan, being analogous to Ae 0, II 0. 

4. Bromide of Ethyle , formed by distilling bromine with alcohol 
and phosphorus. There are first formed when the materials are 
mixed, phosphorous and hydrobromic acids, and the latter, when 
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heated with the alcohol, decomposes it, yielding Ae Br, which 
resembles the chloride. It is used in research. 

5. Iodide of Ethyle, Ac I, formed by a similar process, is 
analogous to the two preceding compounds, and is also used in 
research. 

6. Sulphuret of Ethyle , Ae S, is prepared, as above stated, from 
the chloride by sulphuret of potassium. It is a colourless liquid, 
boiling at 107°, of a strong offensive alliaceous smell. 

7. Ilydro sulphuret of Sulphuret of Ethyle , or Mercaptan , Ae 
SHS = Ci Mo S a or C* IIb , S + II 8. This very remarkable 
compound is formed when a solution of the double sulphate of 
lime and o.xido of ethyle (sulphovinate of lime) of Sp. G. 1*28, is 
distilled with its own bulk of a solution of potash of the same 
density, previously saturated with sulphuretted hydrogen, and 
converted into K 8, H 8. The volatile product, after digesting 
it with a little oxide of mercury and chloride of calcium, to 
remove sulphuretted hydrogen and water, is mercaptan. Its 
formation is thus explained: (Ca (), S 0 3 + Ae 0, S 0 3 ) -f K S, 
II 8 = Ca 0, SOa-f K 0, 8 Oa + Ae S, II S. Pure mercaptan is 
a colourless liquid, very mobile, boiling at 97°, of Sp. G. 0*812. 
It has a most penetrating and offensive odour of onions, as it 
were concentrated, which adheres obstinately to the hair or 
clothes, so that it is most unpleasant to experiment upon. As 
above mentioned, it is formed from alcohol by substitution of 
sulphur for oxygen ; and as aloohol is the hydrate of oxide of 
ethyle, Ae 0, H 0, mercaptan is the hydrosulphuret of the 
sulphuret of ethyle, Ao 8, II S. The sulphuret of ethyle, Ae S, 
corresponds to the oxide, ether, Ae 0. 

Mercaptan acts strongly on some -metallic oxides, especially 
those of the noble metals, such as mercury, gold, platinum, &c. 
The metal takes the place of the hydrogen of the sulphuretted 
hydrogen iu mercaptan; thus MO + (Ae S, II 8) = H 0 + (Ae 
8, M 8). The red oxide of mercury is acted on by mercaptan, and 
converted into a white crystalline compound, called the inercaptide 
of mercury ; oxide of gold forms a gelatinous white inercaptide ; 
and oxide of lead yields lemon-yellow crystals of inercaptide of 
lead, Ae 8, Pb 8. 

Mercaptan may also be viewed as II -f Ae 82, iu which case 
the above metallic compounds w*ill have the general formula 
M + Ae S a . Here the supposed radical, the mercaptum of Zeise, 
is bisulphuret of ethyle ; so that on either view mercaptan is 
connected with ethyle. 

Zeise has described, under the name of Thialic oil or ether, 
another very fetid compound, which seems to, be Ae 83 , or per- 
sulphuret of ethyle. 
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8. Seleniurel of Ethyle is a yolatile alliaceous offensive liquid, 
farmed wheti aulphuret of ethyle and potash is distillod with 
pedeaiurett of potassium. Sulphocyanide of potassium, alcohol 
and sulphuric fceid, wbpn. dissolved together, yield a most oifen- 
aif* volatile liquid, supposed to he,, or at all events to contain, 
sulphocyanide of ethyle. It will bo observed that all these 
compounds of sulphur with ethyle and similar bodies are charac- 
terised. by odours resembling that of garlio, but so intense and 
penetrating as to be insupportable. This character is observed 
in all volatile organic compounds of sulphur, whether artificial, 
as the above, or natural, as oils of garlio, assafetida, horse- 
radish, &G. 

9. Fluoride of Ethyle, C t H 3 F = AeF. — S yn. Hydrofluoric Ether, 
This compound is formed when hydrofluoric acid acts on absolute 
alcohol, kept cold. It is a mobile, very volatile liquid, the odour 
of which recals that of radish. It burns with a blue flame, dis- 
engaging hydrofluoric acid. It must bo kept, as well as prepared, 
in vessels of lead, silver, or platinum, as it acts on glass. 

10. Cyanide of Ethyle , Ae Cy = C« II* N, is obtained when 
cyanide or ferrooyauide of potassium is heated with sulphovinate 
of potash (double sulphate of potash and ethyle). It. is a volutilo 
liquid of a peculiar slightly alliaceous odour, liko that of putrid 
fish, with an analogy to hydrocyanic acid. It is very stupefying 
when inhaled, and no doubt poisonous. When heated with 
potash, it yields ammonia and propylate of potash . 

CelbN -f KOf 3 UO=NH s +K 0, 0«TT *«>». 

Cyauidc of Ethylo. Propylate ol Potash. 

Cyanide of ethyle appears to ho identical with propylonitrvlc, 
a compound formed when propylate of ammonia is heated with 
anhydrous phosphoric acid, which deprivos it of all its oxygen in 
the shape of water. 

N H40, C«Hb 03 + P Os, =P Os, 4 H 0 + Coils N. 

If, therefore, we could obtain oxide or hydrated oxide of ethylo 
from the cyanide, which as yet we cannot do, wo should have 
the means of producing other and alcohol, which have 4 eqs. of 
carbon, from the acid, with 6 eqs. of carbon. And in like 
manner, from the acid, with 8 eqs. of carbon, we should be able 
to form the ether and alcohol with 6 eqs., from the acid with 
10 eqs., the ether and alcohol with 8 eqs. of carbon ; and so forth. 
It can hardly be doubted that we shall some day succeed in 
doing this. 
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ETHYLE, WITH METALS, PHOSPHOEHS, Ac. 

Zincethyle , C* H a Zn = Ae Zn. — This compound is obtained by 
distilling the crystalline product formed by the action of zinc 
on iodide of ethyle (Frankland). It is a volatile, fotid, poisonous, 
and highly inflammable liquid, and like zinemethyle, appears to 
be an electropositive radical, although its compounds have not 
yet been examined minutely. In contact with water, it is decom- 
posed, yielding oxide of zinc and a carbohvdrogen of the formula 
Cn Hu + 2 . Thus Ci, Ha Zn -f TI 0 = Zn 6 + C* He. This 
body, C-t He , is most probably hydurct of ethyle, CU Hs , H, or 
Ae II. But it may also be the radical raethyle, for C* He = 
2 (C 2 Ha). The latter view, however, has been shown by 
Frankland to be less probable, and we shall consider the body 
C t Ho as the hyduret of ethyle, while the compound Ca Ha, or 
the radical methyle, polymeric with it, is that formed in the elec- 
trolytic decomposition of acetic aoid. 

Stibethyle , Sb Oia Hi a = Sb Aea = Sbee. This radical is 
obtained when the alloy of antimony and potassium is heated 
with iodide of ethyle. It is a very mobile, highly refracting 
liquid, of an offensive alliaceous odour, which, when exposed to 
tho air, first forms a thick white smoko, and then takes lire, 
burning with a very luminous white flame. It boils at 302°, and 
its Sp. G. is 1*324, that of its vapour 7*499. It is heavier than 
water, and soluble in alcohol or ether. When it is slowly 
oxidised, it yields two compounds. The first is a viscid trans- 
parent body, and is an oxide of stibethyle, Sb Ae 3 , O a = Sb» 
0» . The other is a compound of antimonious acid with oxide of 
stibethyle. This compound does not crystallise, and its solutions 
when warmed becqmo thick and gelatinous, and dry up into a 
friable porcelain -like mass. It has a very bitter taste, and gives, 
with sulphuretted hydrogen, a light yellow precipitate. 

The oxide of the radical, stibethyle, forms with acids crys- 
tallisable salts. Both tho oxide and its salts are very bitter. 
The nitrato forms tine large rhombohedral crystals, very soluble in 
water. Its formula is Sb Aea 0«j , 2 N 0» = Sbm 0* , 2 N Oo , The 
sulphate is Sb Aea Oa , 2 S O 3 =2 Sbao O 2 , 2 S 0* . 

Sulphuret of Stibethyle , Sbm S 3 , forms small \ ? hite crystals, of a 
brilliant silvery lustre, alliaceous smell, and bit er, hepatic taste. 
It is soluble in water, and precipitates metalL 3 solutions, like 
sulphuret of potassium. The seleniuret Sbco Sei , resembles the 
sulphuret. The iodide, Sbce la crystallises beautifully. It is 
fusible, and in its reactions resembles iodide of potassium. 
Bromide of stibethyle Sbao Bra , is a transparent liquid, of$p. G. 

p 
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1*953, whioh crystallises when exposed to cold. The chloride is 
ei liquid of Sp. G. 1*54. All these compounds exhibit the reaction 
of metallic salts, olilorides, bromides, &e. 

Stibothyle is remarkable for its very strong affinities. In fact, 
it oombines directly with almost all the non-mctallic elements, 
and with so much energy, that it generally takes fire, and it is 
therefore necessary to employ indirect or slow methods of forming 
its compounds. Its affinities are almost, if not quite, as powerful 
as those of potassium. Ldwig and Sehweizer, who discovered 
it, are of opinion that it is a coupled radical, of the formul Sb 
Ae, Ae a , and that this is the reasSon why it combines witli 2 eqs. 
of oxygen, sulphur, &o. ; its affinities depending on the 2 eqs. of 
ethyle, and not on the copula Sb Ae. 

Stibethylium, Sb Ae*=* Cio Hw Sb. This compound metal, 
corresponding to ammonium, and having antimony instead of 
nitrogen, and ethyle instead of hydrogen, is analogous to stibio- 
methylium. It is unknown in the separate form, hut its iodide 
is obtained by the action of iodide of ethyle on stibothyle. This 
oxide, being acted on by oxide of silver, yields the hydrated 
oxido of stibethylium analogous to caustic potash. It has not 
been yet fully studied. 

Bhmethijks, There are two compounds of bismuth witli 
ethyle. Bismotriethyle, Cia Hi* Bi, is formed when iodide of 
ethyle acts on an alloy of bismuth and potassium. It cannot bo 
distilled, and is purified by solution in ether, adding water, and 
distilling off the ether in close vessels filled with carbonic acid 
gas. The new radical remains under the water as a yellow 
oil, very easily decomposed, both by air and moisture. Its 
density is 1*82, and it ferments in the air, taking fire after 
a short exposure. Its taste and smell are unpleasant. When 
heated, it is decomposed, and at a certain point it explodes 
with violence. Its compounds with chlorine, iodine, &c., are 
A T ery unstable. 

When it is acted on by the bichloride of mercury, there 
arc formed chloride of mercuretliylc, and chloride of a new 
radical bismothyle, C* Ha Bi. The iodide of this radical forms 
very fine hexagonal crystals. The other compounds are 
unstable. 

StannethjUy Sn Ae = C* II b Sn, is analogous to zinceihylo, 
and is obtained in the samo way. 

It forms an oxide, Sn Ae 0, which is a bulky, insoluble, white 
powder. The chloride, bromide, and iodide all crystallise easily, 
and are more or less soluble in water. The nitrate of the oxide 
also crystallises. The other salts are generally insoluble, as is 
also the sulphuret. 
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Ldwig states, that there exist besides stannethyle, several other 
compounds, such as Sna Aea, Sn* Ae*, Sn* Aes, Sna Acs, Sn* 
Ae 5 , Sn fl Ae*, all of which, like stannethyle, are compound 
metals in their chemical relations. They form oxides, chlorides, 
bromides, iodides, &o., many, if not all of which, as well as the 
salts of the oxides, crystallise well. 

It will be observed, that some of these formulao are multiples 
of that of stannethyle. These, as well as the other formulae, 
are strange, and it is probable that these compounds are not yet 
fully understood. 

Arsenodivthyle , Aea As, is homologous with kakodyle or Arse~ 
nobimethyle, Me2 As. It is formed when arsenic acts on iodide 
of ethyle, and is obtained as an iodide, Ae a As, I. It resembles 
kakodyle in all its characters and relations. 

Arscnethyle Ac 3 As, is formed along with tho preceding, and 
is analogous to Stibcthyle. It is also a volatile fetid liquid. Its 
oxide is an oily liquid, its sulpliuret is crystallisable. Tho 
chloride is not known in a separate form, but is volatile and 
attacks the eyes \ iolently. The iodide forms yellow Hocks, easily 
decomposed. 

ArsenethyUum , Ae* As or As Ae* , analogous to ammonium 
and stibethylium, is formed by the action of iodide of ethyle on 
arsenethylo, as an iodide. The hydrated oxide is a strong base, 
the chloride and iodide arc crystalline. 

Plumbethyle , Pba A03, is obtained as iodide, when iodide of 
ethyle acts on an alloy of sodium and lead. There appear to be 
several compounds of lead with ethyle, but the one above named 
is a volatile liquid, insoluble in water. It is oxidised by expo- 
sure to air. The hydrated oxide is a strong base, which crystal- 
lises. Its formula is not lixed, but as it is caustic, attracts 
carbonic acid from the air, and in other respects resembles caustic 
potash, ami as the chloride and bromide contain only 1 eq. of 
salt radical, it is probably (Pb a Aon ) 0 , U 0 . The chloride a iaL 
bromide crystallise, as do tho sulphate, nitrate, and carbonate of 
the oxide. 

Mercurethylc , IIg a Ae, is formed when iodide of ethyle acts on 
mercury. The hydrated oxide, probably llg a Ae O, II O is a 
powerful caustic, base, like caustic potash. The chlbrido, bromide, 
and iodide crystallise. 

Tellur ethyle, C* Ha Te = Te Ae. This radical is obtained 
when sulphovinate of baryta is distilled with telluret of 
sodium (Wohler). It is a deep red liquid, heavier than 
water, in which it is sparingly soluble. It has a very offen- 
sive smell, and is poisonous. Its oxide, To Ao 0 , is a crystal-* 
Usable base, forming salts with acids. Its chloride, Te Ac Cl, is 

p 2 
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a colourless liquid, of a disagreeable odour volatile without 
decomposition. 

Mallet, who has ascertained the true nature of tcllurethyle, 
has also obtained another compound, which is either bitelluret 
of ethylo Ao Te fl , and probably also a radical, or else a compound 
analogous to mercaptan, C*. H» Te, II Te, which only differs from 
the other by 1 eq. hydrogen. It is a very offensive liquid. 

Thenard has also indicated the existence of compounds of 
phosphorus and ethyle, corresponding to those described under 
methyle, but has not yet described them. It is evident that an 
immense number of new compounds, containing metals, phos- 
phorus, aud other elements, along with organic groups, and 
having, like those here described, very remarkable properties, 
must very soon be discovered. 

Salts of Oxide of Ethyle. 

Oxide of Ethyle forms both neutral and acid salts. The neutral 
salts are not at ordinary temperatures decomposed by other salts, 
like inorganic saline compounds. Thus an alcoholic solution of 
chloride of calcium docs not o&use any precipitate in an alcoholic 
solution of oxalate of oxide of ethyle or oxalic cthtfr. But they 
are easily decomposed by contact with hydrated alkalies, the acid 
uniting with the alkali, while the oxide of ethyle separates as 
hydrate, that is, as alcohol. Thus oxalic other, 0*0,i Ac 0, with 
hydrate of potash, K 0, II 0, yields oxalate of potash, KO, CuOs, 
and hydrate of oxide of ethyle, Ae 0, H 0. 

Oxide of ethyle has a very great tendency to form double salts, 
in which there are 2 eqs. of the acid, 1 eq. of a base, and 1 eq. 
oxide of ethylo. In these salts the acid, as in the neutral salts, 
cannot be detected by the usual tests ; and indeed they may be 
viewed as simple salts, containing a compound acid, of which oxide 
-f ethyle is a constituent., united to the inorganic base. Thus the 
double sulphate of ethyle and potash, K O, 8 Oa 4* Ae 0, 8 Os, 
may be viewed as sulphovinate of potash K 0 -f Ae 0, 2 S Os ; 
and sulphovinic acid is, on this view, when separated, H 0 -f 
Ae 0, 2 S Os . 

The acid salts of ethyle are on one view double salts, as, for 
example, the double sulphate formed of sulphate of othyle, Ac 0, 
S Os , with sulphate of water, II 0, S Os . On the other view, 
they are compound or coupled acids, and the above example 
becomes, as mentioned in the last paragraph, sulphovinio acid, 
II 0 -f (Ae 0, 2 8 Os ), the hydrate of a compound of anhydrous 
sulphuric acid with ether. These acid salts are decomposed, by 
boiling with water, into alcohol which distils over, and hydrated 
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acids which remain behind. When distilled with the salts of 
volatilo acids, they yield the ethers of those acids ; formiate and 
acetate of othyle may be thus obtained. When an acid salt of 
ethyle is heated with acids not volatile, it often happens that the 
ethers of these acids are obtained : this is the ease with the fatty 
acids and with some others. 

1. Neutral sulphate of Oxide of Ethyle, A e 0, S Os , is formed 
when anhydrous sulphuric acid acts on pure ether. It is a neutral 
oil, which may be distilled, but is easily decomposed by too strong 
a heat. Its taste is like that of oil of peppermint. In contact 
with water, it yields alcohol and two acids, which are isomeric, 
namely, sulphovinio acid, or acid sulphate of ethyle, and isethionic 
acid. 

4 (AeO, S Oa) + 4 II Orr2 S 0 3 , Ae OH 0 +Ae 0, S 0 3 , H 0, S Oa -f 

Noutml Sulphate. Iaethionic Acid. Sulphoviuic Acid. 

2 (Ae 0, H 0). 

Alcohol. 

2. Acid sulphate of Oxide of Ethyle , II 0, S O3 -f- Ae 0, S Os , 
is also called sulphovinio acid, JI 0 + (Ae 0, 2 8 Os). This acid 
salt is formed when the vapour of ether is conducted into oil of 
vitriol, or when oil of vitriol is mixed with alcohol and heated to 
a certain point. To obtain it pure, the double sulphate of ethyle 
and baryta (sulphovinate of baryta) in solution, is decomposed by 
sulphuric acid, and the filtered liquid is a solution in water of 
the acid sulphate. It has a very sour taste, and cannot be con- 
centrated by evaporation, whether at the ordinary temperature or 
with the aid of heat, without being decomposed into alcohol and 
sulphuric acid. It forms, with most bases, orystallisablo double 
salts, which arc all soluble, so that, for example, the addition of 
baryta causes no precipitate if the acid be pure. As the acid 
sulphate itself is called sulphovinio acid, so these double salts are 
called sulphovinates. It is because all these salts are soluble, that 
tjie usual test cannot detect the sulphuric acid they contain. 
When, however, their solutions are boiled with a little hydro- 
chloric acid, alcohol is given off, and then the sulphuric acid may 
be detectod as usual. All these salts arc decomposed by heat, 
yielding, according to the temperature, double sulphate of ether 
and etherole, alcohol, sulphurous acid, olefiant gas, and a sulphate 
as residue, mixed with charcoal. When heated with hydrated 
alkalies, they yield sulphates and alcohol. The double sulphate of 
ethyle and potash crystallises in shining scales, which are the 
anhydrous salt, K 0, S O3 + Ae 0, 8 Os . The baryta salt contains 
2 oqs. of water of crystallisation, and forms beautiful tabular 
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crystals, as do also the salt of lime , and the salt of lead , both of 
which likewise contain 2 eqs. of water. These three salts are all 
composed according to the formula, M 0, S On 4* Ae 0, S Os 4- 2 aq. 
There exist several compounds apparently isoraerio with sulphovinie 
acid, which will be noticed further on. 

3. Acid Phosphate of Oxide of Ethyle , or pliosphovinic acid, 

P Os | g jjq is formed in tho same way as sulphovinie acid, 

and obtained puro from the double salt of baryta, P 0 5 j 2 Ba 0 

4 12 H 0. It is a tolerably permanent acid, decomposed only by 
a high temperature. With bases it forms double salts, in which 
tho 2 eqs. water of the acid are replaced by 2 eqs. of a protoxide. 
The baryta salt , the formula of which is given above, crystallises 
in pearly scales. 

4. Nitrate of Oxide of Ethyle , Ca Ha 0, N O r , = Ac 0, N 0«. 
Stn. Nitric Ether . When 2 iluid-ounces of alcohol, and 1 fluid- 
ounce of pure nitric acid, of Sp, Q. 1*4, are distilled together, 
with the addition of 10 or 20 grains of urea, to destroy any nitrous 
or hyponitrous acid, the distillation proceeds calmly and smoothly, 
and the distilled liquor contains water, alcohol, and nitrate of 
ethyle, which partly separates, towards the end of the process, as 
a heavy oily stratum, and is moro completely separated by the 
addition of water. It is a colourless liquid, of Sp. G. IT 12, 
which boils at 185°, and is inflammable, burning with a bright 
white flame. It is quite insoluble in w\ater, but very soluble in 
alcohol ; and it possesses a pleasant smell and a sweet taste. An 
alcoholic solution of potash converts it into alcohol and pure 
nitrate of potash. 

5. Hyponitrite of Oxide of Ethyle, Ac 0, N 0 3 . Syn. Nitrous 
Ether . This is best prepared in a state of purity when a current 
of hyponitrous acid vapours, derived from starch and nitric acid, 
is passed through weak alcohol, the product being condensed in 
Ifilehig’s refrigeratory. Tho other is washed with water, and 
dried by means of chloride of calcium. The whole apparatus 
must be kept cold, otherwise tho action is too violent, and the 
results very complex. When nitrous ether is made by tho usual 
processes, in which ordinary nitrio acid is mixed with alcohol, the 
product always contains a large proportion of aldehyde, and, in 
fact, very little of the true ether. The action in this case is as 
follows : 2 (C4 He O2 ) 4* N Os = C* Ha 0, II 0 (aldehyde), -f 
3 H 0 -f (C* Ho, 0 -f N Oa). The pure hyponitrous ether, pre- 
pared by Liebig’s process, given above, is a pale yellow liquid, 
boiling at 62°, of Sp. G. 0*947. It has a very agreeable odour 
of rennet-apples. With an alcoholic solution of potash, it yields 
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alcohol, and pure hyponitrite of potash. The sweet spirit of nitre , 
or spiritus cetheris nitrosi of the pharmacopoeia, is a solution of the 
impure hyponitrous ether in alcohol. 

6. Perchlorate of Oxide of Ethyle , C* If 5 O, Cl O7 = Ao 0, 
Co O7 . Syx. Perchloric Ether, This ether is prepared by dis- 
tilling a mixture of 1 part of perchlorate of baryta with 1 part of 
crystallised othylosulphate (suiphovinate) of baryta. The mixture 
must be in a small retort, and must not exceed 1 drachm in 
weight ; and it is heated gradually in an oil bath. A U-shapcd 
tube serves as receiver, and is kept cold by a freezing mixture. 
Up to 212°, and as long as the water of crystallisation has not 
been expelled, no explosion need be feared. The retort is then 
gently heated to not beyond 310° F., at which point the action is 
completed. In the receiver is found the new other, under a 
stratum of water ; the latter is removed, cautiously, by means of 
slips of bibulous paper, without touching the receiver with the 
hand, because a slight motion may cause explosion. 

Perchloric ether is a liquid heavier than water, and insoluble 
in it, of an agreeable odour, and a taste at first sweet, then pungent, 
like cinnamon. It neither boils nor explodes when heated to 212° 
with care. But a stronger heat or friction, or percussion, will 
cause it to explode, which it docs with greater violence than any 
known compound. It is very apt to explode from causes so slight 
that it appears to do so without any cause, and is therefore 
extremely dangerous. In making and experimenting on it, the 
operator must bo protected by very thick gloves, and a strong 
mask with thick glass eye -holes. 

This dangerous compound can only be kept safely when it is 
mixed with a sufficient quantity of absolute alcohol, which dis- 
solves it. 

A little of this solution, on the addition of water, deposits the 
ether, which collects below in a drop of size proportioned to the 
quantity employed. If the water ho decanted olf with care, and the 
last portion of it taken up by paper, the drop of ether may be raado* 
to detonate on a plate or capsule, by touching it with a hot body, 
or by a slight blow with a hammer. The smallest drop inevitably 
shatters the vessel on which it rests. 

The cause of tho explosion is evidently twofold. First, the 
compound is unstable, from its complexity, its empirical formula 
being 0+ II * Cl Os . Secondly, the hydrogen has a very strong 
affinity both for oxygen and chlorine, and the carbon for oxygen, 
and there is oxygen enough present to convert the whole into 
gaseous compounds. 

For C* IF, Cl Oe = II 01 -f 4 H O + 4 C O, so that it is entirely 
resolved into hydrochloric acid, steam, and carbonic oxide gas, 
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and as this takes place instantaneously, much heat is developed, 
which heats and expands to a high degree the gases formed. 

7. Borates of Oxide of Bthyle . — There appear to be several 
borates of •oxide of ethyle, or boracio ethers. The neutral borate 
is 3 Ae 0 4* B Os , corresponding to a terhydrate of the acid, 3 H 0 4* 
B Os, It is obtained by the action of chloride of boron on 
absolute alcohol, and is a mobile liquid, of a peculiar pleasant 
odour, and a warm bitter taste. Its density is 0*8849 ; that of its 
gas is 5*14, corresponding to 4 vols. for the formula above given. 
It boils at 246° F., and is decomposed by water, which dissolves 
it, yielding boracio acid and alcohol. 

Another borate is the biborate of ethyle, Ae O, 2 B Os ; which 
is formed by the action of boraoio acid, previously fused to expel 
all water, on absolute alcohol. It is a viscid liquid of an ethereal 
smell and a pungent taste. 

8. Silicates of Oxide of Ethyle. — These are also several silicic 
ethers. That formed by the action of chloride of silicon on absolute 
alcohol, is 4 Ao 0 + 4 Si 0. It is a limpid ether, of a pleasant 
odour, and pungent taste, of Sp. 0. 0*933 at 68° F., insoluble in 
water, which gradually decomposes it. It boils at about 330° F., 
and the density of its gas is 7*32 = 4 vols. for the above formula. 

There are two other compounds, the biailicute, Ae 0, 2 Si 0, and 
the quadrisilicate, Ae 0, 4 Si 0. The former is a liquid, of Sp. G. 
1*079, boiling at 662° F. When loft in contact with water, it is 
slowly decomposed, and the silicic acid is deposited as a hydrate 
which is transparent and glassy, but contracts ultimately to amass 
of hyaline quartz, sufficiently hard to scratch glass, and which in 
some cases is true hydrophano ; that is, like that mineral, it 
becomes transparent in water. 

The quadrisilicate is a glassy mass, like amber, softening by 
heat, and when still more strongly heated, yielding silicic acid, and 
the tirst ether or protosilioate. It is soluble in alcohol, ether, and 
the two preceding ethers. 

Carbonate of Oxide of Ethyle , Ac 0, C 0 % . Svx. Carbonic 
Ether . When oxalic ether is acted on by potassium, there are 
formed sevoral produots, one of which is this ether. When pure 
it is an aromatic liquid, of Sp. G. 0 975, boiling at 200°. An aloo- 
holic solution of potash converts it into alcohol and carbonate of 
potash. Chlorine acts on it, forming products to be described 
when we treat of the action of chlorine on ethers generally. 

10. Double Carbonate of Ethyle and Potash , K 0, C O a + Ae 0, 
C 0 9 , is formed when dry carbonic acid gas is passed through an 
alcoholic solution of fused potash. A saline mass is obtained, from 
which, after washing with ether, alcohol dissolves the double salt, 
leaving carbonate and bicarbonate of potash. The double salt 
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forms pearly scales, which are decomposed by water into alcohol 
and bicarbonate of potash. 

11. Chlorocarbonic Ether , Ca H s Cl O* = C* Hs , 0 -f C 2 j ^ ? 

is formod when absolute alcohol is placed in contact with chloro- 
oarbonic acid gas. It appears as an oily liquid, of Sp. G. 1*133, 
boiling at 200°, It is formed as follows : 2 eqs. of chlorocarbonic 
acid and 1 of alcohol, losing 1 eq. hydrochloric acid, yield 1 eq. 
of the new ether. C 2 0 a Cla + C* lie Oa = H Cl 4* Ca Ha Cl 0* . 
It may be viewed as a compound of oxide of etliyle, with a 

peculiar acid C 2 j ; or as carbonic ether, Ca H 5 0 3 , plus l eq. 
chlorocarbonic acid, C j ^ • 

12. Carbamate of Oxide of Etliyle , Carbamic Ether , Ca IL N 0± , 
Syn. Urethane, is formed by the action of ammonia on the pre- 
ceding compound, along with sal-ammoniac, from which it is 
separated by being sublimed, or rather distilled, when it passes 
over at a gentle heat, as a liquid which crystallises on cooling. 
It is very soluble in water and alcohol, and yields very large 
crystals. It may be viewed as chlorocarbonic ether, in which 
amide, N 11a, lias been substituted for tho chlorine, C* Us 

0 + c, | ^ 3 |Ia It is formed as follows : C« IIo Cl 0* + 2 N Ha , 

= (N II 3 , II Cl) -f- C a II 7 N CL. Berzelius, with much proba- 
bility, considers it as a compound of oxide of ethyle with an acid, 
not yet known in the separate form, containing the elements of 
carbonic acid and carbamide, just as oxamic acid docs those of 
oxalic acid and oxamide. On this view its rational formula will 
be C* Ila 0 4- C Oa , C 0 N Ila = Ce N II 7 0* . 

Oxide of Kfchylo. Carbamic Acid. 

It is remarkable that three other compounds, quite distinct in 
properties, liavo the same empirical formula as urethane or 
carbamic ether. These aro lactamide , or anhydrous lactate of 
ammonia Coll*0*4”N H 3 ; sar cosine, CoN II 7 0 *, a new base, 
derived from kreatine, and alanine , a compound homologous with 
glycociue. 

13. Oxalate of Oxide of Ethyle, Ae 0, Ca Oa . Svx. Oxalic 
Ether . This ether is formed by distilling 4 parts of super- 
oxalate of potash, 5 of oil of vitriol, and 4 of alcohol at DO p. 0 ., 
mixing the product with 4 times its bulk of water, and washing 
with water the ether which separates, until all free acid is 
removed. The ether is then rectiiied. It is a colourless liquid, 
of Sp, G. 1-093, boiling at 364°. It has an aromatic smell. If 
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pure, it may be kept under water ; but if a trace of alcohol or 
of oxalio acid be present, it is soon resolved into oxalic acid and 
alcohol when in contact with water. Fixed alkalies cause the 
same change. When an excess of ammonia is added to it 
oxamide is formed : where the ether is in excess, there is formed 
a substance in beautiful pearly tables, formerly called oxame- 
thanc, but now proved to be oxamate of ethyle. These two 
reactions arc easily explained. In the first case, Ac O, Ca O 3 -f 
N Ha = (Ae 0 , 11 0 ) -f* Ca Os, N Ila). In the second, half the 
ether undergoes the above change, and the other half combines 
with the oxamide formed. Ae 0, C 2 O 3 -f CsOa, N II* = Ae O, 
C*N ITa On . Chlorine acts on oxalic ether, giving rise to products 
which will be hereafter described along with the results of the 
action of chlorine on other ethers. 

14. Acid Oxalate of Oxide of Ethyle. Byn. Oxabvinic Acid. 
When to an alcoholic solution of oxalio ether there is added 
enough of an alcoholic solution of potash or soda to decompose 
the half of the ether, double salts are obtained, of the formula 
M O, GaOs-f Ac O, C 2 Os. When the alcoholic solution of the 
double oxalate of ethyle and potash is treated by fiuosilieic acid 
there is obtained the acid oxalate of ethyle , H 0, C 2 (>3 Ae O, 
C2O3, which is often called oxalovimc acid . The salt of potash, 
K 0, Ca O 3 -f (Ae 0, Ca Os) [oxahrinate of potash ), forms 
crystalline scales, soluble in alcohol. The oxalovinatc of baryta 
is extremely soluble, and may be used to furnish the other 
oxalovinates, by acting with it on the soluble sulphates of different 
bases. 

15. Oxamate of Oxide of Ethyle , N II 7 Oo = Ae 0, C* 
N Ha0 5 = Ac 0, Ca Oa -f* Ad, CaOa, is formed, as above stated, 
when ammonia is cautiously added to an alcohol io solution of 
oxalio ether, until a white powder (oxamide) begins to appear. 
The liquid now yields fine pearly tabular crystals, formerly 
called oxamethaue. It now appears to be oxamate of ethyle, 
but may also be viewed as oxalate of ethyle, plus oxamide. By 
an excess of ammonia, it is converted into alcohol and 
oxamide. The action of ammonia on oxalio ether has been 
explained above. 

16. Sulpho&rbonatc of Ethyle and Water , Ac 0, TT 0, 2 C $2 . 
When bisulphuret of carbon is added to a Btrong alcoholic 
solution of potash, a salt is obtained, in colourless or yellow 
needles, which is a double suipho carbonate of ethyle and potash, 
K 0, C Sa -f Ac 0, C Ba . When this salt is aoted on by 
diluted sulphuric or hydrochloric acid, there is obtained a heavy 
oily liquid. This is the acid compound in question, II 0, C S* *f 
Ae 0, 0 Sa, formerly called xanthic aoid, from the yellow colour 
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of its salts. With bases it gives rise to double salts, like that of 
potash, just mentioned, which were called xanthatos. The salt of 
protoxido (suboxide) of copper is lemon-yellow. 

17. Benzoate of Oxide of Ethijle , or Benzoic Ether , Ae 0, Bz 
0, is best formed by distilling 4 parts of alcohol, 2 of benzoic 
acid, and 1 of strong hydrochloric acid. Tho ether distils over 
with alcohol, from which water separates it. When pure, it is 
an oily, colourless liquid, of a faint agreeable aromatio odour, and 
an acrid, spicy taste. Its Sp. G. is 1*054, and it boils at about 
410°. Chlorine decomposes it, giving rise to several products, 
probably by substitution. 

18. llippit rate of Oxide of Ethyle , or Ifippuric Ether , Calls, 

0 -f Ciw N llsOo, is formed by passing a current of hydrochloric 
acid gas through a solution of hippurio acid in alcohol, and 
heating the mixture for some time near to its boiling point. Tho 
addition of water separates a thick, heavy oil, which when purified 
from alcohol and hydrochloric acid, and placed in vacuo, along 
with sulphuric acid, forms a solid crystalline mass, composed of 
silky needles. It is decomposed, like other ethers, by alkalies, 
and by boiling with water. 

19. Salicylate of Oxide of Ethyle , C*Ha, 0 -f- C 1+ Ha , Oa , is 
obtained by distilling 2 parts of alcohol, 1^ of salicylic acid, and 

1 of sulphuric acid. When purified from alcohol, acid, and 

water, it is a colourless oily fluid, having a sweet- smell like that 
of the corresponding compound of methyle, which occurs naturally 
in the oil of Oaultheria procumbent . It is heavier than water, 
and boils at 1117°. Like the oil of Gaultheria, it plays the part of 
an acid, forming with bases crystallised soluble salts. When 
exposed to a high temperature with caustic baryta, it yields 
carbonic acid, and an oil analogous to that obtained from the 
methyle compound, which is phenetole, Cia Hio 0», or carbolate 
of oxide of ethyle. When fuming nitric acid is added, drop by 
drop, to the salicylic ether, it dissolves it with a deep rod colour : 
water now separates an oil, which soon concretes into a solid 
mass, which when dissolved in hot alcohol, yields, on cooling > 
yellow silky needles. Theso are indiyotate or anil ate, rapperly 
nitrosalicylatc of oxide of ethyle , C*H», 0 + Civ N H*Oo. By 
the further action of nitric acid, carbazotic or nitropicric acid is 
obtained. The nitrosalicylie ether dissolves in potash and soda, 
apparently like tho salicylic ether, playing the part- of an acid. 
Nitrosalicylie etlier does not dissolve in ammonia ; loft in contact 
within closo vessels, it finally disappears, alcohol is reproduced, 
and there is formed a new product, nitrosalioylamide, Civ Na II« 
u when pure, forms brilliant yellow crystals. When 

boiled with potash, nitrosalicylamide yields nitrosalicylatc of 
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potash, and gives off ammonia ; for Ci* Nt Ho 0» + 2 II 0 n: 
N Ha 4* Cu H*N Oe H 0. Bromine acts on salicylic ether, pro- 
ducing two compounds ; monobromuretted salicylic ether, 

Cis He Br Oa = C* j ^ 0 -f- Cu He Os : and bibromurcttcd 

salicylio ether, Cis Hs Bra Oo == C* | 0 -f Cu lie Os. 

The former crystallises in fine needles, the latter in large pearly 
scales, which, when melted, form, on cooling, a most beautiful 
crystallisation, formed of large and perfect cubes, like those of 
bismuth. 

20. Cyannte of Oxide of Ethyle . Syn. Cyanic Ether. Ac 0, 
Cy 0 = Ce N Ho Oa. Obtained by Wurtz by beating sulphovi- 
nato with eyanato of potash. It is a very pungent, volatile 
liquid. The Sp. G. of its vapour is 2*4. It forms, with ammonia, 
a crystalline body, Cc N* H 8 0»=N Ha + Co N II* Oa. The 
constitution of this compound is uncertain. In contact with 
water, cyanic ether yields carbonio acid and a new compound, 
2 (Ce N lleOa) + 2 II 0 = 2 C Oa + C10 Nallu O2 . The latter 
body is crystalline, soluble in alcohol and water. It is either 
butylo-urea (a body homologous with urea), or diethyl o- urea, 
which is isomeric with that compound. 

21. Ethylo-urea , Ca N a Ha O2 , is formed when eyanato of potash 
is heated in solution with sulphate of ethylamine. The substance 
thus formed is truly homologous with urea and motliylo-urea. 
Its formation corresponds to that of urea from eyanato of potash 
and sulphate of ammonia, K 0, CaN 0 + C±H7N, H 0, S Oa = 
K(),8 Os 4- Co Nalls Ot. 

22. Allophanate of Oxide of Ethyle. This compound is formed 
when the vapour of hydrated cyanio acid is brought in contact 
with a mixture of ether and alcohol. It forms brilliant prisms, 
which may be purified from cyamelide by being dissolved in 
boiling alcohol, or in boiling water. Its formula is C# N« 11s Oo 
= C4IUO, C-kNaHaOo. It was formerly supposed to consist of 2 
eqs. hydrated cyanurio acid, 3 eqs. oxide of ethyle, and 3 eqs. of 
water j and it is, in fact, resolved by heat into alcohol and 
oyanuric acid. But .Liebig and W older have shown that it is 
composed of oxide of ethyle and of a new acid, namely, anhydrous 
allophanio acid, C* N* Ha Oo. The former view was quite 
anomalous, since oxide of ethyle unites only with anhydrous 
acids ; and the latter, therefore, brings the compound into the 
ordinary category of compound ethers. 

Allophanio acid is unknown in the hydrated or separate state, 
the formula of which would bo C* Na Ha Oo , II 0 = C* Na 
H* Oa. It forms crystallisable salts with baryta, potash and 
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soda ; but when we attempt to isolate it, it is resolved into urea 
and carbonic acid, C* Na PI* Oa = Ca Na TI* 0 a -f 2 C Oa. 
Allophanic acid is produced by the action of 2 eqs. of hydrated 
cyanic acid on 1 eq. of alcohol. The water of the alcohol, added 
to tho cyanic acid, produces the new acid, which combines with 
the oxide of ethylo. Thus, 2 (C*N 0, li 0) + C* H, 0, H 0 = 

Hydrated Cyanic Acid. Alcohol. 

C* Hfi 0 + C* Na Ha Oo . 

Oxido of Ethylo. Allophanic Acid. 


23. Cyannrate of Oxide of Ethyle . Cy, Os , 3 Ao 0 = Cis Ns 
His Oa (Wurtz). Syn. Cy amine Ether . This compound is 
obtained by heating sulphovinate of potash with tribasic 
cyanurate of potash. It forms brilliant crystals, melting at 185°, 
and boils at about 529°. The density of its vapour is 7*4. It is 
soluble in alooliol and ether. 

Limpricht lias discovered a compound, Cm Ns Hu Co, which 
may be viewed as a cyanuric ether, with 2 eqs. of oxide of ethyle 

and one of basic water, Co N 3 Os-f~ q j. But he is of 

opinion that neither this nor the preceding compound arc true 
ethers, because they do not yield cyanuric acid and alcohol when 
heated with potash, hut carbonic acid and othylamine. If not 
true cyanuric ethers, they are at least isomeric with such 
compounds. 

Oxide of Ethyle and Potassium: — C* Ha 0, K0= j q. 

Syn. — Alcoholate of Potash . This body is formed when potas- 
sium acts on pure anhydrous alcohol : 

can \o . v _can \ o , H 
II jo + K=s K ;o + 


It forms large transparent crystals. When acted on by 
chloride or iodide of ethyle, oxide of ethyle is reproduced, thus : 


C* II., ) 0 , 
K # [ 0 + 




Ho 1 = 


C, H, 
(1* H, 


0 

0 


+ KI. 


BASES CONTAINING ETHYLE. 

1. Ethylamine , C* II 7 N = NH* Ae. This base, discovered by 
Wurtz, is homologous with methylamine, and is obtained 
exactly in the same way, by heating cyanic ether, cyanuric other, 
or ethylo-urea with potash. 
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CiHsO, C.N 0 + 2 (K 0, H 0) = 2 (K 0, C 0.) + C.H, N. 

V Y ' r ~~'' 

Cyanic Etlior, Kthylamine. 

We have only to treble this equation to explain the formation 
of ethylamine from cyanurio ether. The following equation 
explains its production from ethylo-urea. 

C®N*HaO* + 2 (K 0, H 0) =2 (K 0, C 0*) + N Ha + C* 1L N. 

Ethylo-urea. Ethylamine. 

Ethylamine may be obtained by other processes. Hofmann 
has produced it by the action of bromide of ethyle on ammonia. 

N Ha + 0* Ha Br = 11 Br + C* Ht N. 

Strccker has discovered another method of obtaining it. When 
neutral sulphate of oxide of ethyle is acted on by dry ammonia, 
there is formed the ammonia salt of a new acid, sulphethamic 
acid. When this salt is boiled with carbonate of baryta till all 
ammonia is expelled, and the residue distilled with potash, 
ethylamine is obtained. The sulphethamic acid (CieNHasO*, 
4 S O3) yields, when decomposed, several different products, and 
as all of these are not yet known, the change cannot be repre- 
sented in the form of an equation. 

Lastly, ethylamine is found in the basic oil of coal tar, and in 
the basic part of animal oil, produced by the distillation of animal 
matter ; and it appears also to occur among the products of the 
oxidation of some vegetable products. At all events, other bases 
of this series, such as inethylamino, propylamine, and butyla- 
mine are so produced, it is probable that many souices of 
ethylamine remain to be discovered. 

Ethylamine is a volatile liquid, boiling at 08° F. Its density 
in the liquid form is 0*6964 at 45° F. The density of its 
gas is 1*67 to 1*60. Tho density of its vapour is 1*5568. It 
mixes readily with water, developing heat. It has a very pungent 
ammoniacal smell, with something putrid or empyreumatic. This 
is natural, since the smell of empyreumatic animal oil is made up 
of those of ammonia, methylamino, ethylamine, &c., besides other 
oils, such as krcosotc. It is also probable that in the putrefaction 
of animal matter, not only ammonia, but also methykmino and 
ethylamine, are formed. Ethylamine has no doubt long been 
overlooked, from its great resemblauoo to amhionia. It is power- 
fully rubefacient, and even caustic. It takes lire on tho contact 
of a light, and burns with a yellowish flame. 

It is a very strong base, being tho second in tho series of 
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mcthylamine. Its rational formula is Ad Ae, or N II 2 Ae, which 
may be* thus compared to ammonia, Ad II, or N Ha , II. 


n 

Ammonia, N H 
H 


} 


H 


Ethylamine, N 11 
Ae 


} 


Like mcthylamine, it is an amide base of the general formula 
N H* 4* It, or Ad It ; It being hydrogen, or any radical of the 
methyl ic series, or even of other scries, such as that of phenyle. 
It expels ammonia from its salts, with the aid of heat, and acts 
on metallic solutions very much as ammonia and mcthylamine 
do. An excess of it dissolves alumina even more readily than 
ammonia does. 

The salts of ethylamino resemble those of ammonia and 
mcthylamine. It forms double chlorides with the chlorides of 
mercury, gold, and platinum. The latter salt forms golden 
yellow crystals, more soluble than the corresponding compound 
of ammonia. 

Ethylamine acts like ammonia and mcthylamine on the proto- 
chloride of platinum, and gives rise to two new platinised bases, 
probably to as many as ammonia. Wurtz compares as follows 
the two bases of ltoiset with their homologues containing 
ethylamine and mcthylamine. 


Ammonia Kories. 


Base i 


Methyle series. 


Ethyle series. 


N IT:, I 


r iu 1 

1 N 1 

MM 

hu l 

1 Me 

l Ac 

|rt J 

i 

fir 

b 1 

f H 


N \ 

Me 

, N 1 

Ae 



.1’tJ 

1 

vt 


Base b. N 5* V NMcl N Ae l 

14 J i’t J l’t J 


It cannot be doubted that all the other platinised bases will 
also iiud homologues in the ethyle and methyle series ; and 
farther, that similar compounds may be formed with the other 
members of the series, homologous with methyle and ethyle. 

When ethylamine is acted on by oxalic ether, there is formed 
ethyloxamide , homologous with oxamide. Its formula is Ca 
N II. Oa. It is soluble and crystallisable, and represents 
oxamide, in which 1 eq. of hydrogen is replaced by ethyle. Its 
formation is as follows : 


C* Ha O, C*0 3 -f CiH7N = ChHoO‘i+ CaNIIoOi. 
Oxalatoof Ethylo. Alcohol. Ethyloxamido. 
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The acid amide, corresponding to oxamio acid, probably exists, 
but has not yet been described, as in the case of mcthylamine 
it has. 

2, Diethylaminc, Hu N =ss N II, Ae a * This is an imide base ; 
that is, ammonia, in which 2 eqs. of hydrogen are replaced by 
ethyl©. It is formed by the action of bromide of ethylo on 
ethylamine, thus : 

C*H 7 N + C4H 5 Br=:H Br + CeHu N. 

It is a volatile inflammable oil, soluble in water, and strongly 
basic. Its salts have been little examined. 

If bromide of ethylo were mado to act on methylnmine, or 
bromide of methyl© on ethylamine, it is quite certain that the 
result would be the formation of an imide base, ethyloinethv- 
lamine or methylethylamine, C« Ho N, in which the 2 eqs. of 
hydrogen are replaced by two different radicals. 

Ci Ha Br + C* H? N == II Br + CoH»N = N H, Me Ae. 

We shall see further on that several similar imido bases have 
thus been formed. 

3. Trie thy la mine, Ci^IIioN = N Ae 3 . This is a nitryle base, 
or ammonia, in which all 3 eqs. of hydrogen are replaced by 
ethyle. It is obtained by the action of bromide of ethylo on 
diethylamine, thus : 

N H, Ae* -f Ae Br = H Br -f N Act, or 
CMIu N + C*H 5 Br = H Br + 0,2 Ilio N. 

It is a light, volatile, inflammable liquid, but less so than diethy- 
lamine, and it has strong basic properties. The double chloride 
of triethylaminc and platinum is very soluble, and forms large 
and fine aurora-red crystals. 

It is evident that we may expect to obtain other nitryle bases, 
in which both inethylo and ethyle are present, such as diethy- 
lometliylamine, N, Mo Ae a , and dimethylethyiamine, N, Me a Ae. 
But these, as well as trimethylaminc, N Me 3 , arc not yet known. 
We shall find that various nitryle bases, however, are already 
known, in which ethyle is associated with other radicals to be 
afterwards described, namely, amylo, Cio Hn, and phenyle, 

The three ethyle bases above described, ethylamine, diethy- 
lamine, and triethylaminc, are all formed when bromide of ethyle 
acts on ammonia. In them, tho 3 eqs. of hydrogen aro suc- 
cessively replaced by ethyle, while the typo of ammonia remains 
entire. For all these bases are volatile, and in the highest degree 
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analogous to ammonia. But the action does not stop here, for a 
fourth compound is formed, along with the throe preceding, and 
in this, as we have seen under methyle, the type is changed, the 
base is no longer volatile, but its basic properties are stronger 
than ever. 

4. Tetrethylium , N Ae* , is formed along with the three preceding 
bases, in the action of bromide of cthyle on ammonia, or still 
hotter, when triethyl amine is acted on by iodide of ethyle. 

N Aea + Ae I = N Ae* I. 

The compound N Ae* I is the iodide of tetrethylium, and 
when this is decomposed by oxide of silver, iodide of silver and 
oxide of tetrethylium are formed. N Ae* I + Ag 0 = Ag I *+• 
N Ac* 0. The oxide dissolves in water, and by evaporation is 
obtained as a caustic hydrate in crystals, which, like caustio 
potash, absorb water and carbonic acid from the air. The group 
hT Ae* = CiA H 20 N, is really in its chemical relations an organic 
metal, perfectly analogous to ammonium and to potassium. The 
oxide resembles potash, and has at once the caustio taste of that 
alkali and the bitterness of quinine. It saponifies the oils just 
as potash docs, and in all its reactions, on metallic solutions as 
well as on organic compounds, it closely resembles potash. 

Under the corresponding methyle compound the analogies and 
the differences between that compound and its oxido on the one 
hand, and ammonium and its oxide on the other, have boon fully 
pointed out. 

Whon heated, the hydrated oxido is resolved into tricthy- 
lamine, water and olefiant gas, N Ae* 0, H 0 = N Aea + 
2 II O + C, II* . 

The salts of this base are crystallisable, but most of them 
are deliquescent. The double chloride of tetrethylium and 
platinum, N Ao* 01, Ft CI 2 , instead of being moro soluble than 
the corresponding salt of triethylainine, is, like those of potassium 
and ammonium, sparingly soluble. 

5. Methylotriethyliuni , Ci* IIi« X = N Me Ac 3 , is formed whon 
iodide of methyle acts on triethylamiue. It corresponds in 
characters to tetrethylium, and its oxide is a powerful bitter 
base, yielding crystallisable salts with acids. It is decomposed 
by heat, but the products have not been studied. It will, no 
doubt, yield water, a carbohydrogen, and either triethylamine, 
or methylodiethylamine. 

The four cthylised bases, when acted on by chlorine and 
bromine, yield substitution -products, in which, however, the 
basic character is lost. This is evidently because the chlorine or 

a 
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bromine Introduced does not replace the basic hydrogen of 
ammonia, but some of the hydrogen of the ethyle. W urtz has 

described dichlorcthylamine, C* 1I S Cla N = NH a , | ,and 

dibromcthylamine, Nila , C *S, i • Hofmann has obtained cor- 
responding substitution-products from tetrethylium, in which 
the hydrogen is partially replaced by chlorine, bromine, and 
iodine ; they crystallise beautifully, but arc not basic. 

According to Hofmann, when cyanic acid is added to the 
hydrated oxide of tetrethylium, there is obtained a erystallino 
body, which is an urea, in which the 4 cqs. of hydrogen are 
replaced by 4 eqs. of ethyle. 


C2 Ns II* O2 ~ Urea. Cs Ns Ae» O2 = Ci» Ns Hao Os ~ Tctrethylo-urca. 


We have thus seen that ethylised compounds exist, all of 
which arc basic, but which belong to four different classes of 
bases ; three of these, the amide, imide and nitryle bases, being 
volatile homologues of ammonia, and the fourth, or ammonium 
bases, homologues of oxide of ammonium, but differing from it in 
this, that while ammonium is resolved into ammonia and hydrogen, 
and oxide of ammonium seems to bo identical with ammonia plus 
water, these ammonium bases have acquired new and permanent 
characters, ceasing to be volatile without decomposition, and 
exactly resembling oxide of potassium. 


METAMORPHOSES OF THE COMPOUNDS OF ET1! VLB, 

When ether or alcohol is passed in vapour through a red-hot 
tube, it yields aldehyde, water, olefiant gas, and marsh-gas, 
3 (C* II, 0) = C* in 0 3 4- If 0 + 3 C* in 4- c a in : or 2 (C* H 6 0) 
= C* in 0» 4- Os Hz 4-Cs H*. By the action of chloride of zinc 
on alcohol, there are formed water, and two liquid earbohydrogens, 
Os H 7 and C« Hy, together Ci 6 Hia, that is, olefiant gas, or an 
isomeric modification of it. Now ether and alcohol both contain 
the elements of water and of olefiant gas j for alcohol is 0* Ha O a 
= 2 H 0 + C* n*; arid ether is C*H 5 0 = II 0 4- (ML*. 

In the manufacture of ether there occur tw T o liquids, one of 
which is called oil of wine , which is Cie ITio, or very nearly the 
proportions of olefiant gas, according to the only analysis wo 
have. The other is called the sweet or heavy oil of wine, and 
is a compound of sulphuric acid with ether, and a body having 
the same composition in 100 parts as olefiant gas. Sweet oil of 
wine is 2 S O 3 4- Ae 0 4- C* If*; and as this body, C* II , is 
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called etherole, the compound is named the double sulphate of 
>xide of etliyle and of etherole. This latter is produced, along 1 
with sulphoviuic acid, from the reaction of 4 eqs. dry sulphuric 
acid and 3 eqs. ether. 4 S Oa + 3 Ae 0 = (2 S 03, Ae 0, It 0) 
4 - (2 S 0 3 , A© 0, Gj, H4 ). The same compound is formed 
when sulpliovinate of lime is heated, but is accompanied by 
alcohol, sulphurous acid, olefiant gas, and a residue of sulphate 
of lime and charcoal. 2 (Ca 0, Ae O, 2 S O3) = (2 8 0 3 , Ao 
(), C* MO + II 0 + 2 (Ca 0, S Os) ; and again, 2 (Ca 0, Ae 0, 
2 S 0 3 ) = 2 (Ca 0, S Oa ) + 2 S Os + C* H a O a + Ca H„ + Ca 
-f 2 II O. 

The sweet oil of wine is an oily liquid, quite neutral. It boils 
at 530°, and has the Sp. Or. 1*133, When heated with water it 
gives off etherole as an insoluble oil, while the liquid contains 
pure sulphoviuic acid. When the etherole, thus separated, is 
exposed to cold, it deposits crystals of ethcrine , a compound 
isomeric with etherole and with olefiant gas. 


ETH IONIC, ISETTIIONTC, METTUONIC, ANT) ALTHIONTC ACIDS. 

These acids are formed by the action of sulphuric acid on ether 
and alcohol under various circumstances. 'When anhydrous acid, 
S O3 , acts on alcohol, or when oleliant gas is absorbed by that 
dry acid, there is formed a compound, 2 S Oa + 0% lit, in crystals, 
which, when put into cold water, produco ethionie acid, 2 S Oa, 
Ci II5 0. When this solution is heated, 2 eqs. of sulphuric acid 
and 1 of alcohol separate from one-half, and there is formed, from 
the other half, isclhionic aoid, 2 S Os , 0* Hr, O, or rather Sa Os , 
C+ n R Oa , Ethionate of baryta, formed by adding baryta to the 
acid before boiling, is 2 S Os , G* H ft 0, Ba O. From it all the 
other ethionates may he made. The salts of iscthionio acid, like 
those of ethionie acid, have the same composition in 100 parts as 
the sulphovinates ; hut as they contain hyposulphurio acid, their 
formula is B2O5, C* II 5 Oa 4* M 0. They crystallise with re- 
markable facility. When, in acting on ether with anhydrous 
sulphuric acid, the mixture gets too hot, there is formed a new 
acid, methionic acid , the baryta salt of which is Sa Ca Ha O7 , Ba 
0, or Sa Oa Ca Ha Oa 4* Ba 0. This acid apparently bears the 
same relation to oxide of methyle, Ca H3 0, as iscthionio does to 
ether, C* HaO. When oil of vitriol in great excess is heated 
with alcohol, olefiant gas is given off, and the residue is found to 
contain an aoid, the salts of whioh have the very same composi- 
tion as the sulphovinates, but differ in crystalline form. This 
acid is called alihionio acid . It is highly probable that the 
althionates are mixtures or compounds of sulphovinates, with 

a 2 
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isethionates, just as the salts of ethionio acid appear to eon tain 
sulphovinates and isethionates or compounds isomeric with these. 
The two compounds which seem to be distinct and independent 
are sulphovinic acid, (Ae 0, II 0, 2 S 0* ) and isethionic acid, 
iaoraerio with it, but probably arranged as (H 0, Ac Oa 8a O fi ) ; 
tho salts of the former being strictly double sulphates of ethyle 
and bases (M 0, SO* 4- Ac 0, 8 Os): and those of the latter 
being M 0 + (Ae 0s,Sa0 5 ). Whatever explanation may bo 
given of the fact, it is a faot, that tho ethionic and althionic acids 
and their salts have the same empirical composition as the sulpho- 
vinic and isethionic acids and their salts, at least according to 
the best analyses we have. 


PRODUCTS OF TIIF. OXIDATION OF EIIIYLE AND ITS 
DERIVATIVE*. 

The oxidation of alcohol and of ether may be effected in a great 
variety of ways, and the products are rather numerous, varying 
according to the amount of oxygen tukon up. Thus wo have, first 
aldehyde, then aoetio acid, formic acid, oxalic acid, and finally 
carbonic acid and water. The first effect of oxidation is to destroy 
the radical ethyle, giving rise to a new and less complex radical, 
acetyle , ss CiHs. Afterwards we obtain compounds of tho still 
less complex radical, formyle, rs (’a H, and lastly, compounds of 
the simple radicals carbon and hydrogen. 

We shall here consider, first, tho radical acetyle and its com- 
pounds: bearing in mind that, while derived from tho basic 
radical ethyle, acetyle has no basic characters whatever, but is, 
on the contrary, a most distinctly acidiiiable radical, homologous 
with formyle. 


Acetyle. Ci Ha = Ac. 

Acetyle is the second member of tho series of electro-negative 
radicals, of which formyle is tho first. These are derived from 
the methyle or electro-positive radicals, by oxidation, which 
removes 2 eqs. of hydrogen ; thus ethyle, C* Ha + Oa =. Aoetyle, 
C* Ha 4- 2 H 0. 

Neither formyle, acetyle, nor any of the homologous radicals of 
the series, are yet known in the separate state, hut they are 
easily obtained in the form of their teroxides, which are the 
volatile acids of the former series, or, in some instances, in that of 
their protoxides, which are the aldehydes. They aro also obtained 
in combination with chlorine, with amide, and other substances. 
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1 . Hydrated Oxide of Acetyle or Aldehyde. (C* Ha ) 0, HO = Ac 0, H 0. 

Aldehyde is formed when ether or alcohol is passed through a 
red-hot tube, or when' ether or alcohol are oxidised by nitric 
acid, or by chlorine, &c. In these cases it is not pure ; but it 
may be obtained quite pure by distilling 2 x>arts of the com- 
pound of aldehyde and ammonia dissolved in 2 parts of water, 
along with a mixture of three parts of oil of vitriol and 4 of water, 
and rectifying at a temperature of about 80°, over chloride of 
calcium. 

It is a clear, colourless liquid, of a peculiar and powerful 
ethereal odour, of Sp. (>. 0*79 at Gy, and boiling at 70°. It mixes 
in all proportions with water, alcohol, and ether, and is neutral 
and inflammable. In contact with the atmosphere it rapidly 
absorbs oxygen, passing into hydrated acetic acid: for IT 3 , 
0 -j- HO, with Qi , at once produce C* il«, -f- 11 O ; or Ac 0, 
T10 0*=: Ac Oa , 11 0. Aldehyde is a constant ingredient of 

the nitrous ether of the pharmacopoeias. 

W hen heated with caustic potash, it is rapidly converted into 
the brown matter called resin of aldehyde, if gently heated 
with oxide of silver and water, part of the oxide is reduced 
without effervescence, coating the glass tube with a bright 
surface of silver, while the water is found to contain a salt of 
silver, the acid of which contains less oxygen than acetic acid : 
this is aldehydio or lampic acid, C* Ha 0 2 , 11 O, or Ac 0 2 , H 0. 
The solution of aldchydate of silver, if filtered and heated to 
boiling, again deposits metallic silver, while the aldehydic acid 
becomes acetic. 

When long kept, even in sealed tubes, aldehyde is transformed 
into two polyinerio modifications, namely, met aldehyde, a hard 
crystalline inodorous solid, and elaldtdiydc , which is liquid. 

Aldehydite of ammonia. Syn. Aldehydammonia . C* Hs, 0 + 
N 11a -f- H O. Aldehyde has no basic characters, and rather 
exhibits a tendency to the acid character, in combining with 
ammonia, as it does directly, to form a crystallised compound. 
To prepare it, as the substance from which aldehyde is obtained, 
6 parts of oiL of vitriol, 4 of water, 4 of alcohol, and 6 of peroxide 
of manganese, in lino powdor, arc distilled together. Tho crude 
product is twice rectified over chloride of calcium ; it is now alde- 
hyde, containing a little water, alcohol, and acetio and formic 
ethers ; and this liquid, when mixed with ether, and saturated 
with ammoniacal gas, yields crystals of the new compound, which 
are washed with ether. These crystals become brown on being 
kept, even in close vessels, and acquire the smell of burnt feathers. 
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If perfectly pure, however, I find them to keep well for a year or 
more. They dissolve in water and alcohol, but hardly in ether. 
Nitrate of silver forms, in the concentrated solution, a precipitate, 
which, when heated, is reduced. 

Thialdine . Liebig and Wohler have very recently discovered 
that when an aqueous solution of aldchydammonia is acted on 
by sulphuretted hydrogen, a little ammonia being previously 
added, crystals of a new compound arc deposited, which has basic 
properties, and has been called Thialdine . It is produced by tho 
aotion of 3 eqs. of aldekydammonin on 6 cqs. of sulphuretted 
hydrogen. Thus — 

3 eqs. aldchydammonia . . C 12 H 21 NaOe 

and 6 eqs. sulphuretted hydrogen . Ho So 

Cm H«7 NaOflSo 

yield 1 eq. Thialdine .... (La Ilia N Si 
6 eqs. water .... Ho Oo 
2 eqs. sulphuret of ammonium . Ho Ns Sa 

Ci 2 H27 NaOoSo 


Thialdine is almost insoluble in water, hut very soluble in 
alcohol and ether. It is deposited, by spontaneous evaporation, 
from its ethereal solution, in large and beautiful crystals, 
resembling camphor. It is very volatile and fusible, lias an 
unpleasant aromatic smell, and is a powerful base, neutralising 
tho strongest acids, and forming beautiful crystallino salts. 
When heated with hydrate of lime, thialdine yields leucoline or 
quinoline , one of the volatile bases of coal tar. 

When aldehydammonia is acted on by seloniuretted hydrogen , 
an analogous basic compound, selenaldine f is formed ; and it 
appears probable, from tho experiments of Liebig and Wohler, 
that telluretted hydrogen is capable also of yielding a similar 
compound. 

According to Strecker, when aldchydammonia is acted on by 
hydrocyanio acid, and an excess of hydrochloric acid, there is 
formed a crystallino product, soluble in water, to which he has 
given tho name of Alanine , It is homologous with glycocoli or 
glycooine, and with leuciue. 

Glycocino . . . . C» N Ht Ot 

Alanine . . . . Co N lb O* 

Unknown . . . . Co N H# Oi 

Unknown . . . . C10 N Hu 0* 

Leucine . . . . Ci» N IIu 04 
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Its formation, from aldehyde and hydrocyanic acid, is as 
follows : C.i II* O a + C a N H + 2 II 0 = C 0 N II 7 0* . 

Alanine is isomeric with lactamide, urethane, and sarcosine ; 
but all four compounds are distinct. Lactamide, when boiled 
with acids or. bases, yields lactic acid and ammonia, but alanine 
does not. When acted on by hyponitrous acid, however, alanine 
is converted into lactic acid, nitrogen being given off. 

CoN ILO* + N 0* = H 0 + N* + C«H«Oo. 

A lan i no. Luetic Acid. 

We shall see farther on other instances in which hyponitrous 
acid produces very definite and remarkable transformations. 
Lactic acid may bo regarded as formic acid, coupled with 
aldehyde, just as formobeuzoic acid is formic acid, coupled with 
liyduret of benzoyle, 

Call On, II 0 + C»H.0,=:C 0 H 5 05, II 0. 

2. Acetal. CMLO = Ch IL», O + Ci IL 0 + II 0 = Ac 0 + AeO+ H 0. 

Is formed by the action of the oxygen of the air on the vapour 
of alcohol, under the influence of the black powder of platinum. 
It is a colourless very mobile liquid, Bp. G. 0*825, boiling at 203°. 
It might, according to its composition, be a compound of 3 eqs. 
oxide of etliyle, and 1 eq. acetic acid; for 3 (C* II 5 , 0) -f 
0* H 3 0 3 = Ci 9 His Oo = 2 (C« Hu Os). But the action of 
potash which forms resin of aldehyde, and of oil of vitriol, 
which blackens and thickens as it does aldehyde, indicate 
pretty certainly the presence of aldehyde ; and wo therefore 
prefer the formula above given, which makes acetal a compound 
of aldehyde and oxide of ethyle. 

The resin of aldehyde, formed by the action of potash on 
aldehyde, is little known. El aldehyde, an isomeric form of 
aldehyde, which is liquid at ordinary temperatures, but solid 
at 32°, has a formula exactly triple that of aldehyde, Cia ILa Oo . 
Metaldehydc , the other isomerio modification, which, like the 
preceding, spontaneously forms in aldehyde, when kept, has, no 
doubt, a similar relation in its formula to that of aldehyde: but 
its precise formula is not yet known. The density of its vapour 
would settle the point. It forms very hard prisms, which 
sublime at 218° without melting. It is worthy of nolioe that 
aldehyde, like the corresponding chlorine compound, formed by 
substitution, chloral , C* Cls 0 -f II 0, undergoes very easily, 
and even spontaneously, these very singular metamorphoses* 



232 


ACETYLOUS ACID. — ACETIC ACII). 


This indioates a relation in the constitution of these bodies 
which cannot be overlooked. 

3. Acetylous Acid. (l\H») Oa, H 0 = Ac Oa, II 0. 

Svk. Aldehydie Acid. Lampic Acid . It has already been 
stated that this acid is obtained in combination with oxide of 
silver, when aldehyde is gently heated with excess of that oxide 
in water. The solution, when the silver has been separated by 
sulphuretted hydrogen, contains the acetylous acid very diluted. 
It is very easily decomposed, especially by beat, into acetic acid 
and a brown resin, like that of aldehyde. When the acetylite 
or aldchydato of silver is decomposed by baryta, so as to preci- 
pitate all the oxide of silver, and the acetylite of baryta is now 
heated with the precipitated oxide of silver, the metal is reduced, 
and acetate of baryta is now found in the solutiou. 'l liis demon- 
trates the relation of acetylous to acetic acid : for Da <>, Ac 0* -f 
Ag 0 = Da O, Ac 0» 4- Ag. This acid is one chief ingredient 
of the acid produced by the slow combustion of ether in the 
lamp with a spiral of platinum wire on the wick, the platinum 
continuing rcd-liot, but no llame appearing, and which acid is 
oalled lampic acid. 

4. Acetic Acid. GMIs, 0» +II 0=z Ac Os, II 0. 

Syn. Acetylic Acid. Pyroligneous Acid. Vinegar . This 
important acid is formed in two principal ways : first, by the 
oxidation of alcohol ; and, secondly, by the destructive distil- 
lation of wood. Wine, beer, and other fermented liquors, if 
exposed to the air, under certain circumstances, undergo what 
is erroneously termed the acetous fermentation ; that is, they 
attract oxygen from the air, undergo eremacausis of the alcohol 
they contain, and, after a time, contain no alcohol, but in its 
place acetic acid ; they are, in fact, converted into vinegar. The 
ultimate change is very simple: 0± HaO» 4- 0* = C* 1I 3 0 3 , 
3 H 0, = Ac 0 3 , HO + 2 aq. But we have already seen that 
there are intermediate stops in the process. The first effect of 
the oxygen is to remove from the alcohol, or rather from the 
ethyie in it, 2 eqs. of hydrogen, thus leaving the radical aeetyle, 
evar in tho place of the ethyl© (C* lf 5 ) O, H O 4- O a = 
(C«ti»)0, II 0 4* 2 aq. In this stage, alcohol is simply con- 
verted into aldohyde, while 2 eqs. of water are formed. In the 
next stage, the hydrated prptoxide of aeetyle (the aldehydo), or 
rather the radical C* Ha , takes up 2 additional equivalents of 
oxygen, and thereby becomes acetic or accty lie acid (C* H 3 ) 0, 

HO 4- 0 * = (tills) 0 3 , HO. 
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Such being the action of the oxygen of the air on alcohol, it is 
obvious that the process of acetificatiou is no fermentation, but a 
case of eremacausis, or slow combustion. But, as was formerly 
explained, the state of eremacausis is induced by contact of a 
body in that *state, or even in the state of fermentation or putre- 
faction, and the presence of a ferment is required to commence 
the process of eremacausis of alcohol. Pure alcohol, exposed to 
air alone, is not acetified ; but if its vapour, mixed with air, 
come in contact with platinum powder, eremacausis is induced. 
Hence, if alcohol be placed in a flat basin under a bell jar, beside 
a small flat dish containing platinum black, the bell jar is, in a 
few seconds, tilled with the pungent smell of aldehyde, and in 
an hour or two the acetitication is nearly complete. Here the 
platinum, by virtue of its singular power of causing gases or 
vapour 8 to unite on its surface, acts as a ferment, or, as it may 
be called, an excitant, inducing the slow combustion, and acting 
as a carrier of oxygen from the air to the alcohol. 

In wine or beer, there is present an actual ferment in the 
shape of gluten or fibrin, at least in all cases where the vinous 
fermentation lias not decomposed the whole of the ferment. 
In those cases, exposure to tho air for a short time causes the 
decomposition of the gluten, &c., to recommence, and this state 
of decomposition, consisting in part, no doubt, of eremacausis, 
being mechanically communicated in the shape of motion to tho 
particles of alcohol, slow combustion commences, and continues 
till every trace of alcohol has been acetified, when the process 
is arrested for waut of fuel, that is, of alcohol. Where, in the 
fermentation of wine (as sherry), or of beer (as Bavarian beer), 
all fernieut has been destroyed or removed, these liquors do not 
become sour when exposed to air ; and if we wish to acetify 
them, we must add yeast or some other ferment. So, also, when 
we wish to make strong vinegar by the acetiflcation of brandy or 
of whiskey, wo have to add a ferment, such as yeast, and expose 
the mixture to a certain temperature in open vats. By carefully 
attending to all these principles, the process of acetilication may 
be very much abridged. The following is the rapid process now 
followed on the Continent. There is made a mixture of 1 pa rfc 


of alcohol at 80 p. o., 4 to 0 parts of water, and It ]^ of a fermejak 
such as vinegar, honey, or must of beer. A large, high ***?? 
is packed with twigs or shavings of beech, previously fe ° ft ^ 
strong vinegar, and holes are drilled in tho iniddJc an^ 
part of tho barrel to admit a free circulation ^ ^ triokle 
mixture is now warmed to from 75° to 80 % exposing 

slowly upon the shavings and ^^^turo rises rapidly to 
an immense surface to the air. The temp 
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95 w or 105°, and if a proper supply of air be given, continues at 
that point during the operation. When the mixture has been 
three or four times passed through the barrel, it is found per- 
fectly acetified : this may take place in from 24 to 3G hours. 
Should the supply of fresh air, that is, of oxygen, bo deficient, 
much aldehyde is produoed, which, from its volatility, is carried 
off as vapour, and lost. This was long a source of great loss to 
the makers, and the cause could not be traced, until Liebig, by 
the disoovery of aldehyde, explained it, and showed how to avoid 
the loss, by giving a due supply of air. The manufacturer now 
obtains, as nearly as can be expected, the theoretical quantity of 
vinegar from his spirits. Any aromatic substance, or essential 
oil, or even a trace of wood vinegar (contaminated with kreosote, 
&c.), will arrest the progress of acetificatiou. 

The peculiar pleasant smell of good vinegar, in addition to 
that of pure diluted acetic acid, is owing to the presence of acetic 
ether. Distilled vinegar is a tolerably pure but weak acetic acid ; 
but to obtain acetic acid pure and strong, we must have recourse 
to the salts of acetic acid, which, when distilled with moderately 
strong sulphuric acid, yield pure acetic acid, mixed with more or 
less water. 

The pyroligneous acid is contaminated with pyroxylic spirit and 
with oil of tar. When combined with soda, lime, or oxide of 
lead, these salts may bo easily purified by crystallisation, and 
by beating them so far as to expel or destroy the oily impurities. 
The pure salts, distilled with sulphuric acid, yield acetio acid, 
identical with that from true vinegar. 

Anhydrous Acetic Acid , C 4 II 3 O 3 , or J-q j * The an- 
hydrous acetic acid, or anhydride of acetic acid, is obtained by 
gradually adding oxychloride of phosphorus to fused acetate of 
potash, and returning several times the liquid which distils over, 
till it contains no more oxychloride of acetyle, which is at first 
formed. Or the oxychloride of aeotyle, obtained in the first 
distillation, is allowed to act on the fused acetate of potash. 

C‘H.g}+c.ao., K 0 = K 01 + £]{;£} 

The anhydride is a colourless mobile refractive liquid, of a 
pungent odour, like that of the hydrated acid, with something of 
hawthorn blossom. Its density at 46° F. is 1 *073, or the same 
as that of the hydrated acid. It boils at 290° Jb\, and tho density 
of its gas is 3*47. 

It is converted into the hydrated acid by contact with water 
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This anhydride forms double anhydrides with those of other acids, 
suoh as benzoic, salicylic, and cuminio acids. 

The aceto-benzoic anhydride is formed when chloride of benzoyle 
acts on acetate of potash. 


K 0, C4H3O3 + C14 Hs Oa , Cl = K Cl + 


II3O3 1 
He Oa J 


Hydrated Acetic Acid , radical Vinegar , or Crystallisable Acetic 
Acid , Ac Os , HO, is obtained by distilling 3 parts of dry powdered 
acetate of soda with 9*7 of oil of vitriol, as pure and concentrated 
as possible : £ of the acid distils over by tho heat spontaneously 
developed in the mixture ; a gentle heat expels the rest. The 
product is rectified and exposed to a cold of 23“ or 24°, when 
crystals of the hydrate are formed in a weaker liquid. Tho 
crystals are allowed to drain, and then melted, and again 
exposed to cold. The crystals of this second operation are 
generally freo from all superfluous water. At temperatures 
below 00°, hydrated acetic is solid ; at 02° or 63 J it melts, forming 
a liquid which sometimes continues liquid at a much lower 
temperature, and then crystallises from some very trifling cause. 
The Sp. G. of the liquid is 1*0(53 ; it boils at 248° ; has a pungent, 
peculiar, but agreeable smell, and a burning acid taste. It raises 
a blister on tho skin, and soon produces a painful sore, like 
a mineral acid. It is miscible in all proportions with water, 
alcohol, and ether. It dissolves camphor and essential oils ; and 
the aromatic vinegar is a solution in it of camphor, with a little 
oil of lemons and bergamot, &c. Strong acetic acid, in this 
form, is used as a diffusible stimulant, applied to the nostril in 
faintness or sickness. It may be used, also, externally as a very 
powerful rubefacient and epispastic. The hydrated acid is com- 
bustible. It is decomposed by anhydrous sulphuric acid, yielding 
a new acid, sulphacctic acid : also by chlorine, yielding, by sub- 
stitution, chloracetic acid, Tho vapour of acetic acid, passed 
through a red-hot tube, yields carbonic acid and acetone, Calls 
0, or CallaOa: the same transformation occurs when acetic acid 
is heated with bases. Acetic acid is, as already mentioned, the 
second of the remarkable volatile acids of the general formula 
On HnO*. 


The salts of acetic acid are, almost without exception, soluble 
in water: tho acetates of silver and protoxide of mercury aro 
sparingly soluble. The formula for the neutral acetates is MO, 
Ci Ho Os', or M, C* Ha O* . There aro. hardly any acid salts : but 
a considerable number of basio salts, as basic acetates of- l° a< * an< * 
copper. 

Acetate of Oxide of Ethyle , or Acetic Ether , Ae O, Ae U 3 , is 
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easily prepared by distilling 10 parts of acetate of soda, 16 of oil 
of vitriol, and 6 of alcohol. The product is rectified over lime 
and chloride of caloium. It may also bo obtained by distilling 
any sulphovinate with strong acetic acid. In either case, acetic 
aoid is brought in contact with nascent ether, and combines with 
it. Acetic ether is a colourless liquid, of a refreshing odour, very 
combustible. It boils at 165° ; its Sp. G. is 0-89. It is easily 
decomposed by alkalies, yielding an acetate and alcohol. Acids 
also decompose it. It is always present, in small quantity, in 
wine vinegar, which owes its flavour to this compound. 

Acetate of Ammonia . There is a well-known febrifuge and 
diaphoretic remedy called the spirit of Minder eras, which is a 
diluted solution of acetate of ammonia, formed by neutralising 
distilled wine vinegar with carbonato of ammonia. A more 
uniform preparation, although stronger than that usually 
employed here, is made by neutralising 0 parts of aqua ammonite, 
Sp. G. 0*96, with strong acetic acid, and adding enough water to 
make up 24 parts. This, being uniform, can easily be reduced if 
desirable. There is an acid acetate of ammonia, which forms 
deliquescent needles. Acetate of potash, KO, Ac Os, is obtained 
as a fibrous crystalline mass, very deliquescent, which has a 
warm saline taste. It is much used as a diuretic. When heated, 
with arsenious acid, it yields oxide of kakodyle, or arsenomcthyle, 
a compound metal or basic radical, of most remarkable composi- 
tion and characters, C* Ho As. It has been already fully described 
with its compounds, under Methyle. Acetate of Soda , Na 0, Ac 
Os + 6 aq., is funned from pyroligneous acid, and is the form in 
which the acid is brought in order to be purified from oil of tar. 
The salt is melted at a moderate heat, and roasted, then rc- 
dissolved, filtered through charcoal, evaporated, again melted, 
and so on, until it becomes snow-white. 10 parts of the crystals 
of the salt, after the first fusion, while still slightly coloured, 
being distilled with 6 of oil of vitriol, yield what is called wood 
vinegar, sufficiently pure for use, but requiring 7 waters to reduce 
it to the average strength of wine vinegar. Acetates of baryta, 
strontia, and lime, all crystallise readily. Tho first is used as a 
test ; tho last in the manufacture of acetic aoid and all other 
acetates from pyroligneous acid. Acetate of alumina, Ala Os , 3 
Ac Os , prepared by mixing solutions of alum and acetate of lead 
(or of baryta) is very soluble. It is much used in the above 
form, containing sulphate of potash, as a most valuable mordant 
in dyeing and calico-printing. When heated it deposits an 
insoluble basic salt, which adheres tenaciously to the cloth, and 
afterwards combines firmly with the colouring matter. The pure 
acetate of alumina, formed from sulphate of alumina and acetate 
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of baryta, is not so decomposed by heat, but requires the presence 
of a neutral salt. Mr. Crum has minutely studied the acetates of 
alumina, and has described several remarkable compounds, the 
details of which our space compels us to omit. Acetate of 
manganese , Mn 0, Ac Os, formed by acting on sulphate of 
raangan se by acetate of lime, is much used in calico-printing, 
as it gives, with bleaching liquor, a rich bronze-brown. Acetate 
of zinc, Zn 0, Ac 0 3 , -p 3 aq., is used in medicine and pharmacy. 
Acetate of protoxide of iron , Fe 0, Ao 0 3 , is used as a mordant. 
Acetate of peroxide of iron , Fe« CL , 3 Ao CL , is formed by preci- 
pitating acetate of lead with persulphate of iron. It has the 
same valuable properties as acetate of alumina, depositing a basio 
salt, when heated with neutral salts, and is much prized as a 
mordant. Acetate of lead: a . neutral , Syn. Sugar of lead , is 
best prepared by dissolving litharge in acetic acid, and crystal- 
lising. It has a sweet astringent taste, and is much used as an 
astringent and styptic in diarrhoea, dysentery, and various 
hcemorrhages. It is poisonous, especially where it forms car- 
bonate : it ought therefore never to bo given without abundance 
of vinegar being taken by the patient. The crystals are Pb 0, 
Ac (h -f 3 aq. 6. sesquibasic, 3 Pb 0 -f 2 Ac 0 3 , soluble pearly 
scales, c. tribasic or subacetate of lead is formed in crystals by 
mixing 1 vol. of aqua ammonia) with 5 of a cold saturated 
solution of the neutral salt, and setting it aside. It forms long 
needles. The solution, or Goulard’s extract, is made by digesting 
7 parts of litharge with 6 of sugar of lead and 30 of water, till 
the oxide, which is not dissolved, has beoomo white. It is much 
used as a lotion, and to precipitate gum, organic acids, albumen, 
casoine, extractive matter, &c., from organic mixtures, and 
solutions. Its formula is 3 Pb O + Ac 0 3 . d. sexbasic , formed 
by adding the lost or any of the previous acetates of lead to an 
excess of ammonia. It forms a crystalline powder; very 
sparingly soluble, which is 6 Pb 0 -f Ac Os . It usually exists 
in white- lead, along with carbonate of lead. 

Acetate of Copper : a . neutral ; appears in two forms : as dark 


green oblique rhombio prisms, becoming opaque in air, Cu O, 
Ao Os -p aq. ; and as dark blue transparent crystals of great 
beauty, Cu 0, Ao Os -p 5 aq. These latter, heated to 80 \ lose 
4 oqs. of water, and fall ton powder of the green salt. b. btbastc 
or verdigris , 2 Cu 0 -p Ao Oa -p 6 aq. = Cu 0, Ac Os, 5 aq.-pCu 
0, IIO. Verdigris is prepared by a tedious process, and is seldom 
pure, containing usually different basic acetates, c. sesqm asic , 
3 Cu 0, 2 Ac 0* + 0 aq. d. tribasic, C Cu O, '1 Ao Os , + 3 aq. 
The two last occur in the verdigris of commerce. A ose s 


aro poisonous. 



238 


SALTS OP ACETIC ACID. 


Schtceinfurt or Vienna Green is a double salt, formod of acetate 
andarsenite of copper, Cu 0, Ac Os -f 3 (Cu 0, As Oa) ; is formed 
when 10 parts of verdigris, suspended in water, are left to digest 
for 24 hours, after mixing them with a hot solution of 8 parts of 
orsenious acid in 100 of water. A dirty green precipitate first 
appears, which, on standing, changes to a most beautiful green, 
much used as a paint. 

Acetate of Protoxide of Mercury is obtained, in sparingly 
soluble silvery scales, by adding acetate of potash to protonitrate 
of mercury, both hot. It blackens when exposed to light. It is 
used in medicine, especially on the Continent. 

Acetate of Silver , Ag 0, Ac Oa , very much resembles the pre- 
ceding salt ; it is occasionally used as a test. It is very sparingly 
soluble. 

When acetate of ammonia is heated with excess of anhydrous 
phosphoric acid, it loses all its oxygen in the form of water, and 
there distils over a volatile liquid, which is acetonitryle , ChHaN, 
or cyanide of methyle, C*Hs -f CaN = Me Cy. Its formation is 
very simple, for (N II* O, G* II 3 O 3 ) -f* x P 0# , = x P 0 3 , 4 II 0 
Calls N. All the acids of the series Cn Hn 0* yield similar 
products, when their ammonia salts are heated with anhydrous 
phosphoric acid, or when their amides are treated in the same way. 
Formonitryle, C 2 H N, is cyanide of hydrogen, or hydrocyanic acid, 
and it is well known that forwiate of ammonia, when heated, yields 
water and hydrocyanic acid. Acetonitryle, the next member of the 
series, is identical with cyanide of methyle, and in this view, being 
a neutral compound, is the first of the homologous series of the 
nitrylcs. It will be seen that the nitryle (or nitrogen compound) 
of any radical of the formyle series is identical with the cyanide 
#f the radical one step lower in the ethyle series. Thus aceto- 
; hitryle, C* II 3 , N, is identical with oyanide of methyle, Ca II 3 , 
C»N. It is possible that, higher in the scale, some of the nitryles 
may bo not identical, but only isomeric, with the corresponding 
cyanides. But such as are hitherto known appear to be iden- 
tical with those cyanides. Henco, in some cases, the only or the 
best method of obtaining a compound of any given radical of the 
• ethyle series, is to decompose the ammonia salt of the acid or 
teroxide of the radical ono step higher in the formyle or acetyle 
scries, since a large number of these acids, of the formula Cn Hn 0* 
or Cn II » — x Os, H 0, are known. For example, butyrate of am- 
monia will yield butyronitryle, Ca Ho N, which is cyanide of 
propyle, Co H 7 , Ca N. And from this body we may hope to obtain 
the oxide and hydrated oxide of propyle, the propylic ether and 
propylio alcohol which have lately been discovered by Chancel in 
the alcohol from wine or grape juice, and described by him. But 
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wo are not yet able to do this ; for the cyanides, when heated 
with bases, regenerate the acids from which they wero obtained, 
just as if they were really nitryles, and not cyanides. This is 
strange, since the chlorides of the same radicals readily yield, 
with bases, the hydrated oxides. Some method, however, will 
doubtless be found of effecting the desired transformation. 

Acetamide, C* Ha Oa, jN II 2 . This compound is easily obtained 
by the action of aqueous ammonia on the acetate of oxide of 
ethyle (acetic ether), and is quite analogous to oxamide. It is 
a white crystalline fusible solid, which, when boiled with acids or 
bases, takes up 2 eqs. of water, forming acetic acid and ammonia. 

When ethylamino acts on acetic ether there is formed a com- 
pound, ethylacetamide, which is aeetamido with 1 eq. of ethylo 

replacing 1 of hydrogen in the amide C* II3 Oa , ^ j = H» 
N O 2 . It is a syrupy liquid. 

When anhydrous acetic acid acts on cyanic ether, there is 
formed ethylodi acetamide, which is C 12 II 11 N Oa, probably 

N C*°H3 Oa | ’ Ci n3 ° a ' 

Compounds analogous to ethylacetamide are obtained when 
methylamine, ainylamine, phenylamine, and many other analogous 
bases, act on acetic ether. 

Hyduret of Acetyle, (\ 1I 3 , 11 = 01 II*. This compound is 
described farther on as olefiant gas. It is produced in many decom- 
positions of alcohol, acetic acid, acetates, ether, <$rc., especially by 
heat. It is a member of a homologous scries, of which the hyduret 
of formylo is the iirst. These carbohydrogens, along with tho 
hydurcts of the methylio radicals, occur in the oils of wood and 
coal tars, and resemble each other in physical x>roperties, in tho ; 
samo way as homologous compounds usually do. 

Gerhardt and other chemists regard the true radical of acetic acid, 
not as C* II 3 , acetyle, but as C* Ha Oa , which they call acetyle, 
analogous to benzoylo Cm IT5 O a . On this view, which is not at 
all improbable, acetic acid will be (C* II 3 Oa ) 0 , HO ; oxychloride 
of acetyle will be chloride of acetyle, and so on. The formula) are 
thus quite as simple in this way as in that we have given, but either 
will answer the purpose of fixing tho facts in the memory. 

Gerhardt is also disposed to consider acetic acid as formic acid, 
in which 1 cq. of hydrogen is replaced by methyle, and to call 
it methyloformic acid. The formula of formic acid, according to 

Gerhardt, when referred to water, ^ j q being j acetic 
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In like manner he supposes all the acids above acetic acid in the. 
series to be formio acid, with an ethylic radical in place of the 
hydrogen of the radical C* H Oa (Gerhard t’s formyle). 

Since acetic acid is homologous with formic acid, it is evident 
that it is the same thing whether we suppose the ethylic radicals to 
replace hydrogen in Gerhardt’s formyle, or another series of 
radicals, the acetylic or formylio, also carbohydrogens, to replace 

jl \ o 

eaoh other, so that, 2 eqs. of water being the type, jj r q we ma y 
have, (Fo = C. H, Ac = C. H 3 , Me = Co 1L> ). 

Acids. 

Fo Oj 5 0 ti.HO.10 
F°rm.c H j 0 or „ | 0 

... Ac On 1 0 CiMeO'i 10 
Acctxc H ) 0 »r u | 0 

Both formula* suffice to explain the similarity of these acids, but 
perhaps the view of Gerhardt will be found to agree better with 
some of the phenomena, although the facts we are now to mention 
almost demonstrate that acetylo exists, and forms various 
compounds. 

Acetylammonium . Natanson has recently shown that acetvlc, 
Ch. Ha, is capable of replacing 1 eq. of hydrogen in ammonium, 
N H*, yielding a new radical or compound metal, acetylammo- 
Ha ) 

nium. > = C * Ho N. This is unknown in the separate 

state, but its hydrated oxide is a base. 

Hydrated Oxide of Acetylammonium , C* He N 0, 11 0, is best 
obtained from the oil of oleiiant gas, C* Hi Cla . When tins oil, 
which is the hydrochlorate of the chloride of acetyle, C* Ha Cl, 
H Cl, is heated 302° in a sealed tube, with live times its bulk of 
the strongest aqua ammoniae, it is dissolved and a yellow liquid 
obtained, which contains sal ammoniac and the chloride of the new 

radioal, C. IL> Cl, II Cl + 2 N H» = N H. Cl + N ns j Cl. 

After the sal ammoniac has been separated by crystallisation, the 
mother liquid, which contains the chloride of acetylammonium, 
is actod on by moist oxide of silica, evaporated to dryness to 
expel the excess of ammonia; the residue, dissolved in water, 
treated with sulphuretted hydrogen to remove some silver dis- 
solved by the new base, and the filtered liquid is now a solution 
of the hydrated oxide of acetylammonium. It is carefully 
neutralised by sulphuric acid, the sulphate decomposed by baryta 
water, taking care to avoid exoess of baryta, and from the mass 
alcohol dissolves the new base. 

Neither the hydrated oxide, nor its salts can bo obtained in 
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crystals, but their constitution is demonstrated by their re-actions. 
Thus, when to the solution of oxide, hyponitrate of silver is 
added, with a little sulphuric acid, and heat applied, aldehyde is 
regenerated. 

C *2“}n°, H0 + N0,= C.H 3 0, HO + 3HO + N, 

This exactly corresponds to the action of hyponitrous acid on 
ethylamine, when alcohol is regenerated, and proves that the new 
compound contains acetyle replacing hydrogen. 

With nitrate of silver and ammonia, the base or its salts 
yield a mirror-like deposit of silver, proving that here also 
aldehyde, that is, hydrated oxide of acetyle, is regenerated. 

The hydrated oxide, when its solution is dried up, forms a 
tough yellow amorphous mass. Its solution has a strong alkaline 
reaction, and a feeble caustic taste. When boiled, it has the 
peculiar odour of alkaline leys. The new base expels ammonia 
from its salts and attracts carbonic acid from the air. It is, 
therefore, like the hydrated oxide of tetrethylium, analogous in 
constitution to hydrated oxide of ammonium, and in properties, 
to hydrated oxide of potassium or caustic potash. It is, however, 
from the negative character of acetyle, a weak base, and its salts 
with tho stronger acids, are all somewhat acid. 

Theso researches of Natanson are not yet completed, hut we 
have given here the first part of them, because they have an 
important bearing on the question of the real existence of the 
negative radicals, formyle, acetyle, and their homologues. It is 
evident that the existence of the base just described, is strongly 
in favour of the view which admits theso radicals. We may 
expect, not only that many bases homologous with this one, and 
containing radicals higher in the scale, will bo obtained, but also 
that similar compounds may be formed, in which two, three, or 
all four of the equivalents of hydrogen in ammonium are replaced 
by formyle, acetyle, &c., or partly by one, and partly by another 
of theso radicals, pr even partly by these, aud partly by ethylic or 
phenylic radicals. 

It might be expected that as hydrated oxide of tetrethylium, 
when heated, yields triethylamine and alcohol, Ao* 0, JI 0 = 
N A©3 -}- Ae O, H 0, the hydrated oxide of acetylammonium 
should yield ammonia and aldehyde when heated, 

0.H* } N0> H0 = NH * + C^H.O, HO. 

This, perhaps, takes plaoe, but at the same time the base is 
charred, so that a further decomposition cannot be avoided. 

B 
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Natan sou has not yet been able to obtain any volatile bases 
analogous to ethylamine, &c., containing acetyle, as replacing 
the hydrogen of ammonia. And from the circumstances that in 
the action of ammonia on the oil of olefiant gas, we obtain, not 

hydrochlorate of acetylamine, N ^ j , If Cl, but chloride of 

aoetylammonium, N ^ ^ j Cl, he draws the conclusion that 

the true fundamental bases are the ammonium bases, such as 
oxide of ammonium, or of tctrcthylium, and that the volatile or 
ammonia bases are merely products of their decomposition, lie 
infers also, that the ammonium theory of amnioniaeal compounds 
is the only true one. But it is not easy to see how the facts 
prove these inferences ; for oxide of ammonium is unknown in 
the free state, and his own base does not yield, when heated, the 
products which we should anticipate. It would seem rather that 
something in the relations of nitrogen and hydrogen renders 
ammonia N Hs , as well as its numerous homologues, very per- 
manent : while oxide, or hydrated oxide of ammoniun N H* 0, 
H 0, is bo insoluble as not to be known iu the free state, on 
account of the attraction of oxygen for the fourth eq. of hydrogen. 
In the ammonium bases, the fourth eq. being ethyle, methyle, 
acetyle, or Other similar radicals, has no such strong tendency to 
combine with oxygen, and therefore the compound moleculo is 
more permanent. 

It is worthy of remark, that hydrated oxido of acctylammo- 
nium is isomeric with aldehydammonia ; for, 

Hydrated Oxide of 
Aldohydaimnoni.'i. Acotyl.anynouimu. 

CiHsO, II 0, N N J-0, HO 

the empirical formula of both being C* H? N Oa. The diffe- 
rences in their properties are accounted for by the rational 
formulae above given, while the fact that they agree in somo 
points, as in reducing the salts of silver, is also accounted for by 
both containing acetyle, and yielding aldehyde when decomposed. 

ACTION OF CHLORINE, BROMINE, ETC., ON ETHYLE, ACETYLE, 
AND THEIR DERIVATIVES. 

1. Oxide of Ethyle and Chlorine. 

When dry chloride is made to act on ether, with the aid of the 
sun’s rays, there are produced several compounds. The first is a 

heavy oily liquid, oxychloride of acetyle, C. H 3 | which is 
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dry acetic acid, with 2 eqs. of oxygen replaced by 2 eqs. of chlorine. 
With water, it forms acetio and hydrochloric acids. When the 
action is pursued, there is obtained a compound, C* Cl» 0, which 
is ether, in which all the hydrogen is replaced by chlorine. The 
first compound may be connected with this one by being viewed 
as ether in which hydrogen is partially replaced by chlorine, C* 

| 5a Finall y there is obtained a crystallisable solid com- 
pound, Ct Cl«, which may be represented as C* Cls, Cl, showing 
that the oxygen of ether is also here replaced by chlorine. This 
last body is chloride of carbon, Ca Oh , for C* Cl« = 2 (Ca Cl 3 ). Be- 
sides these compounds, there are others formed at the same time, 
more dillicult to separate, and which are doubtless the interme- 
diate links of the chain of substitutions, beginning with ether, 
C4 II3, O, and ending with chloride of carbon, C* CI3 , 01. The 
other members of the series which arc more easily obtained 
by the action of chlorine on chloride of ethyle are 0* lla, Cl, 

chloride of ethyle: C* j ^ Cl: C* j Cl: C. j Cl: Ci 

1 ^ > !mi ' as the compound C* Cl» 0 is formed, it is probablo 

that there is another series beginning with ether, and ending with 
0* Cls , 0, in which the oxygen remains unchanged. The above 
are not all cases of substitution with preservation of the type ; 

for the compound C* ^ ^ 0, may very likely be C* H 3 ^ ^ 

belonging to the typo of acetic acid, rather than that of ether. 
These compounds are as yet but little known ; it is obvious that 
the simultaneous occurrence of so many similar compounds must 
render the study of them exceedingly complicated and difficult. 

The body, C* If 3 ^ , or oxychloride of acetyle, when acted 

on by sulphuretted hydrogen, yields two new compounds, in 
which its chlorino is partially or entirely replaced by sulphur. 
Both are crystalline : one, the oxysulpliurct of acetyle, C* IIs 

| , forms large colourless prisms : the other,, oxyclilorosul- 

C 0 

phuret of acetylo, C* II 3 < S , forms yellow tabular crystals. 

^ Cl, 

2. Salts of Oxide of Ethyle with Chlorine. 

When chlorine acts on those salts, or ethers, their oxide of 
ethyle is acted on as if separate, but in many cases the aoids 
remain combined with the new ohlorinised compounds; or the 

B 2 
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Mld» mlao are acted on, and the products derived from them 
combine with those derived from the ether. 

-Aettic .fi<A«r^ields a compound Cs H« Cl, 0*, which may ho 

viewed as C * H * { Cl, + C* H# Oa , that is, acetate of the oxy- 
chloride of acetyle, When the compound is further exposed to 
the action of chlorine at a high temperature, it yields a scries of 
compounds, in which its hydrogen is gradually replaced by 
chlorine, till the compound C# Cl# 0* is left, which is called 
perchloruretted acetio ether. Acetio etheT is 0» IIs 0* ; and we 

h&tfe the acetate of oxychtorido of acetyle Ca j Oh ; then 

* \ch °* : C ' s ( CL °‘ : C * {£*: * {£* 0* : C„ 
{ Ot ' an ^ ^ The two last can be obtained, with 

certainty, pure : the others, after Cs j 0* , are so mixed that 

it is very difficult to obtain them pure enough for analysis. 

When benzttic ether, Ae O, Bz 0, is acted on by chlorine, it 
loses 2 eqs. hydrogen, and 1 eq, oxygen, and takes up 3 eqs. 
chlorine, producing a compound which may be viewed as con- 
taining chloride of benzoyle and oxychloride of acetyle, Bz Cl 

+ 0* H» | =Cis Hs Cb 0, . 

Oxalic Ether, exposed to the action of chlorine, under the 
influence of the direct rays of the sun, loses all its hydrogen, 
which is replaced by chlorine. ((?* H&) 0, C 2 Oa thus becomes 
(C*C1*\ (>, C# 0». The latter is called chloroxalic ether . It is a 
Cryatalfisable solid, fusible at 288°, Dry ammonia acts on it as 
on oxalic ether, producing ehloroxa methane, a crystalline com- 
pound analogous to oxamethane. It was formerly stated that 
oxamethane, Cs Tip N Os, has the composition of oxamate of 
oxide of ethyle (C* FU) 0,4* C* Ha N 0# ; or of oxalic ether plus 
oxamide (C* Ha ) 0, Ct Os -f N Ha , Ca Oa . In like manner, 
ohloroxatncthanc represents chi oroxalio ether plus oxamide: (C 4 
CU) 0, Ca Oa 4* N Ha, C» Oa = Cs Ha Cla N Os. When chlo- 
rox am ethane is loft in contact with ammonia, it takes up 2 eqs. of 
water, and forms a new salt, ohloroxalovinate of ammonia, C* 
CU Qf N H 4 0, 2 Cs 0 9 f which is very deliquescent. From the 
<M>nwipoTiding salt of soda the ohloroxalovinio acid may be obtained, 
which may of course be viewed as an aoid oxalate of the com- 
pound ©*$51* 0. Its formula is C 4 Cl* 0, C* Os -f H O, C* Os. 
By the #oBon of alcohol on chloroxalic ether, there is formed a 
neutral oil, C« Cl# Or , which contains tho elements of anhydrous 
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chloroxalovinio acid, C* Cl« 0, 2 C a O a ; and when dissolved in 
potash, yields chloroxalovinate of potash. 

Carbonic Ether , by the action of chlorine, yields two products : 

1st, Bichloruretted carbonic ether, C* j 0, C O* = Cb Ha Cl* 

Oa ; and 2nd, Pcrchloruretted carbonic ether, C* Cla 0, C 0* 
= Cb Cla 0 8 . The former is an oily liquid ; the latter crystal- 
lisable. 

Chloride of Ethyle } (C* Hb) Cl, when acted on by chlorine, 
yields a very remarkable series of products, in which the hydro- 
gen is gradually replaced by chlorine, as mentioned at p. 17, 
to which I refer for the formulae. I shall only here mention that 

the compound there represented as C* j , Cl, = C* H* Cl* , 

corresponds to aldehyde, and is, therefore, probably (C* H* 
Cl 4* H Cl, just as aldehyde is (C* Ha) 0 -f- H 0. In like 

manner, the compound C* | Jfj* , Cl = C* Ha Cla , corresponds to 

dry acetic acid, C* Ha Os . The action of potash on these two com- 
pounds confirms this view, according to which the former is 
hydrochlorate of protochloride, and the latter perchloride, of 
acetyle. 

When alcohol, the hydrated oxide of ethyle, is subjected to 
the long-continued action of chlorine, aided by the sun’s rays, 
there is formed, after a very tedious operation, a remarkable 
compound called chloral , the empirical formula of which is C* H 
Cla 0* = C* Cla 0, H 0. This compound represents aldehyde or 
hydrated oxide of acetyle, in which the hydrogen of the acetyle 
has been replaced by chlorine. It is an oily liquid, boiling at 199°, 
of Sp. G. 1*502. Like aldehyde, chloral, when kept, is spon- 
taneously converted into an insoluble solid compound, which has 
the same composition as chloral itself. In contact with water, 
chloral is soon converted into a solid hydrate, which dissolves in 
a larger quantity of water. It contains 1 eq. chloral and 2 eqs. 
water. When heated with caustic alkalies, chloral produces 
formiate of the alkali and perchloride of furmyle, C* II Cla Oa-f- 
H 0, K 0 = (Ca II) Os , K 0 + (Ca H) Cla . Tho perchloride of 
formylo, in contact with the alkali, is partly decomposed, yielding 
chloride of the metal. 

According to Stiidcler, chloral is formed when starch is heated 
with hydrochloric acid and peroxide of manganese. 

Pure Acetic Acid , when acted on by chlorine and the sun’s 
rays, is converted into a crystallisable acid; the chloraoetic aoid, 
C* Cls Os H 0. As acetic acid may be considered to be aldehyde 
plut 2 eqs. oxygen, or hydrated peroxide of acetyle, so chloraoetio 
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acid is obloral pint 2 eqs. oxygen, or hydrated peroxide of C* 01 n , 
W^iich may be called chloracetyle. Chloraoetic acid form a tabular 
crystals, fusible at Hi 0 , boiling at 390°. The density of the 
liquefied acid at 1 13° is 1 *617. When heated with excess of potash, 
it yields first carbonic acid and percliloride of formyle, Ct Cla Oa , 
H O f 2 K O = 2 (K 0, C 0» ) + Cs H Cla . The percliloride of 
formyle is parti converted by another portion of potash, into 
form into of potash and chloride of potassium. Ca H 01 3 -f 4 K 0 
= 3Kfl + K 0, Ca H Oa. 

With bases, chloraoetic acid forms salts which are very analo- 
to the acetates ; and it is very important hero to observe, 
that both in chloral and chloraoetic acid, the substitution of 
chlorine for all the hydrogen of the radical (acetyle) of aldehyde 
and acetic acid, has not affected the general chemical characters of 
the compounds ; that, in other words, the original typo has been 
retained. We have also seen, in the preceding pages, among the 
products of the action of chlorine on oxide of ethyle and on the 
salts of oxide of ethyle, that oxide of ethyle, O* JIs 0, is converted 
into oxide of chlorethyle, C» CL 0, without the type being altered: 
the oxide of chlorethyle forming with the acids previously com- 
bined with oxide of ethyle, compounds perfectly analogous to the 
ethers from which they are obtained. 

Oxychloride of Acetyle, C* Ha q j . When oxychloride of 

phosphorus is gradually added to fused acetate of potash, a liquid 
distils over, which is the oxychloride. It is a volatilo liquid, 
boiling at 131°, of a pungent suffocating odour. It is used in the 
preparation of anhydrous acetio acid, and other compounds. 

The Sulphuret of Ethyle is readily acted on by chlorine, and 
yields a yellow oily liquid, of 8p. G. 1*673, boiling at 320°, of 

a most fetid odour, the formula of which is C* j ^ 8. Here 

4 eqs. of hydrogen of the compound, C* Ho 8, are replaced by 
chlorine. 

Heavy Muriatic Ether is an oily liquid, formed by tho action 
of moist chlorine on alcohol. It is obviously a mixture, and pro- 
bably contains aldehyde, chloride of ethyle, chloral, and produots 
intermediate between aldehyde and chloral. 

Stomal, 0* Brs 0, H 0. This compound, analogous to 
ehlotal* is formed by the action of bromine on alcohol. It forms 
a hydrate with 3 eqs. water. By caustic alkalies it is resolvod 
into formic acid, which combines with the alkali, and perbromide 
of formyle* 

Iodine does not, so far as is known, produce a compound cor- 
responding to chloral and bromal j but a solution of iodine in 
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alcohol, treated with an alcoholio solution of potash, yields 
formiato of potash and periodide of formyle, Ca IT J 3 . 

By the action of chlorine on alcohol, holding in solution 
hydrocyanic acid on a mctallio cyanide, there is produced a crys- 
talline compound, the empirical formula of which appears to be 
CiA Hi* Na ClaOs. This is equal to 3 eqs. aldehyde, 2 eqs. 
chloride of cyanogen, and 2 eqs. water ; but the true nature of 
this compound is unknown. 


3. Compounds derived from Alcohol, but of uncertain constitution. 

Olefiant Gas. Syn. Hydurct of Acetyle. Ethylene . CV IT* = 
C* Il 3 , II = Ac H. This well-known compound is generally 
present in coal gas, oil gas, and, in general, in all gaseous 
mixtures produced by the action of heat on organic substances. 
It is be st obtained pure by heating 1 part of alcohol with 6 or 7 
of oil of vitriol, adding as much sand as will convert the whole 
into a paste, which prevents the frothing that would otherwise 
occur. There is produced some ether, then sw r eet oil of wine, 
and lastly, a mixture of sulphurous acid and olefiant gases. 
By passing the gas through milk of lime, the sulphurous 
acid is removed, and by then passing it through oil of vitriol, 
the ether, alcohol, and water which may bo present, are likewise 
separated. Pure olefiant gas has been already described (see 
Part I.) : here we shall attend to its combinations, premising 
that it is the second in a homologous series of carbohydrogens, 
of which methylene, or hydurct of formylo, Ca Ha = C a H, H, is 
the first. It is absorbed by anhydrous sulphuric acid, forming 
tho crystalline compound formerly mentioned, 2 8 Oa -f C* H*, 
which, in contact with water, produces cthionic acid. When 
mixed with its own volume of chlorine, both gases arc condensed 
into a liquid, the composition of which is 0+ II* Cla . This is 
the oily compound, from which the gas was called olefiant gas : 
the oil is often called the oil of the Butch chemists, having been 
discovered by an association of chemists in Holland. 

When mixed with 2 vol. of chlorine, and set fire to, the whole 
of the carbon of the gas is deposited in the solid form or as smoke, 
while all the hydrogen forms hydrochlorio acid, C* ff* -f CL = 
4HC1 + CL. 

The oil of olefiant gas, or of the Dutch chemists, C* II* CL, may 
be viewed as oomposed of hydrochlorio acid, and a chloride of 
aoctyle : H Cl -|- C* H 3 Cl. When acted on by an alcoholic solu- 
tion of potash, chloride of potassium and water are formed, and a 
new compound separates, which is tho protochloride of acetyle , C* 
IIs Cl. It is gaseous at ordinary temperatures, has an alliaceous 
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smell, and bums, like all similar ohlorinised compounds, with a 
dark red dame, edged with green. At 0° it condenses into a liquid. 

JVhen this protoohloride of aoetyle is acted on by perohloride 
of antimony, it yields, among other products, a liquid, boiling at 
240°, which is C*HsC 1 8 , and therefore has the same composition 
as perohloride of aoetyle, formerly mentioned. But the action 
of potash, dissolved in alcohol, proves that these two compounds 
are distinct, and that the one now under consideration is C* II» 
Cl# -f H Cl. At all events it yields chlorido of potassium, water, 
and a very volatile liquid, C* H a CL = 2 (Ca H, Cl), or in other 
words, protoohloride of formyle. 

By continuing the action of chlorino, there is obtained a com- 
pound C* Ha Cl*= CL H Cl 3 -f- H Cl ; which, with potash, yields 
the body CL H Cla ; and the final result of this action is the 
protochloride of carbon, C * CL = 4 C Cl; which, however, unites 
with chlorine to produce the sesquichloride, CL CL -f CL = CL CL 
= 2 Ca CL • 

The J Ver chloride of Acetyle lias been already mentioned as a 
product of the action of chlorine on ether ; it is CL Ha Cls = 
Ac CL. 

The Oil of Olefiant Gas, C* B* CL, which maybe considered 
the hydrochlorate of chlorido of acetyle, C* Ha , Cl -f II Cl, is best 
prepared by passing olefiant gas into perchloride of antimony, as 
long as it is absorbed. The mixture, if distilled, yields the oil in 
question. It is purified by alternate distillation with water and 
sulphuric acid, and finally drying it with chlorido of calcium. It 
is a very mobile liquid, of a pleasant ethereal smell, and a very 
sweet taste ; it boils at 180°, is insoluble in water, soluble in 
aloohol and ether. 

When subjected to the action of chlorine, it yields hj r drochlorio 
acid, and products rich in chlorino. Among these are, the hydro- 
chlorate of ohlorido of formyle, Ca II Cl -f H Cl, which distils at 
240°, and the bichloride of formyle, C a H, CL , which distils at 
275°. This last is finally converted into sesquichloride of carbon ; 
for Ca H, CL + CL = Ca CL -f HC1, 

Chloretheral is the name given by D’Aroet to a compound 
formed by the action of oliloriue on olefiant gas, containing both 
alcohol and ether. Its empirical formula is CL II* Cl 0; so that 
it may be aldehyde, plus oil of olefiant gas ; C* ll a 0, HO-f 
CL Ha Cl, H Cl = 2 (CL Hi Cl 0) ; or oxychloride of acetyle , plus 

oxide of ethyle : C* H» | ^ + C* H. 0= 2 (C* H« Cl 0). The 

true nature of this compound is unknown. 

Bromine forms, with olefiant gas, a liquid compound analo- 
gous to the oil of olefiant gas. Its formula is C* Ha , Br + H Br. 
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Iodine forms, with olefiant g^s, a solid compound, which would 
appear to be C* Ha , H +T* rather than C4 Ha', I -f IT I. 

Anhydrous Sulphuric Acid absorbs olefiant gas, producing a 
white crystalline solid, 2 S Oa + C* H4 ; which, when dissolved in 
water, forms with 1 eq. of water, cthionic acid, 2 S Oa + C* Hs 0 
= C* H« Oa + S 3 Oa . The original crystalline compound has 
been called sulphacetylio acid. 

4 . Action of Bichloride of Platinum on Alcohol 

This action is very complex, yielding aldehyde, chloride of 
ethylo, chloride of acetyle, and other volatile compounds, along 
with a salt, composed of chloride of platinum and chloride of 
acetyle. It is possible that 3 eqs. of oxide of ethvle, with 4 eqs. 
of bichloride of platinum, may yield 1 eq. aldehyde, 1 eq. water, 
4 eqs. hydrochloric acid, and 2 eqs. of the new salt. 3 (C*HaO) + 
4 Pt Cl a = C 4 II3 O, II O+H 0+4 II Cl +2 (C* IIs Cl+Pta Cl). 
Zeise considers the salt to be C* H* + 2 Pt Cl, which formula 
differs from the preceding in containing 1 eq. hydrogen more. 
Malaguti supposes it to be C* Hs 0 + 2 Pt Cl ; but Zeise has 
shown that it contains no oxygen. It does not crystallise, but 
forms a gummy mass, spontaneously decomposing when kept. 

When a solution of bichloride of platinum in alcohol is digested 
with a little hydrochloric acid, and chloride of potassium, the 
alcohol distilled off, and the residue neutralised by carbonate of 
potash, a yellow crystallisabl© salt is obtained, which contains the 
preceding compound, plus 1 eq. chloride of potassium, CallaCl -f 
Pta Cl + K Cl. Similar double salts are formed with chloride of 
sodium and chloride of ammonium. 

These double salts form with ammonia a yellow precipitate, 
which is C* IIs Cl, Pt Cl + N Ha . 


5 . Action of Heat on Acetic Acid and the Acetates. 

Acetone , Syn. Pyroacetic Spirit , Mesitic Alcohol ; — Formula 
Cs Ha 0 , — is formed whon acetio acid is passed through a tube 
heated to low redness, along with carbonic acid, oarbonic oxide, 
and carburetted hydrogen: also when the acetate of an alkali 
or alkaline earth is exposed to heat, when a carbonate is left, 
and acetone distils over. It is best prepared by distilling a 
mixture of 2 parts of crystallised acetate of lead, and 1 part 
quicklime. Its formation is easily explained : for anhydrous 
acotio acid, C* Ha Oa, contains the elements of 1 eq. carbonic 
acid, and 1 eq. aoetone. C 4 Ha 0s=5 C O a + Ca Ha 0 . Aoetone 
is also formed in the distillation of sugar, of citric acid, of tartaric 
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acid, &c. It is purified by rectification, until its boiling-point 
becomes constant, at 100 °. It is a clear and colourless liquid, of 
Sp. G. 0*7021, and has a peculiar smell and a pungent taste. It 
is miscible with water, alcohol, and ether, in all proportions; and 
is separated from water by the addition of caustic potash, chloride 
of calcium, or other salts insoluble in acetone. 

Heated with hypochlorite of lime, it is converted into carbonio 
acid and perchloride of forwyle. “When prepared by the dis- 
tillation of acetates, acetone is accompanied by an oily liquid, 
Cio Ho O. 

Acetone contains, in 3 eqs., the elements of 1 eq. carbonic ether 
and 1 cq. olefiant gas (hyduret of acetyle). C* U a 0 , C 0 2 ■+* 
C* Hs, IT = Co llo 63 = 3 (C a Ila 0 ) ; or, in 4 eqs., we have the 
elements of 1 eq. acetic ether, and 1 eq. hyduret of acetylc: 
C* Ha 0, C* II 3 Oa + C* Ils II = Ci a IIi 2 0* = 4 (Ca lia 0). 
Kane considers acetone to ho Co lie Oa = Ce II a 0, HO; that 
is, the hydrated oxide of a radical Ca Ho , which he calls mesityle . 
In this view, mesityle is isomeric with proponyle, but analogous 
to ethyle ; acetone is analogous to alcohol, and Co Hs 0, the 
oxide of mesityle, to ether. But although Kane has obtained 
this compound, Co Ha O, and also another, Co Hs Cl, his chloride 
of mesityle, and although ho has likewise formed double salts 
containing sulphuric acid and the elements Co H ft 0, yet the 
analogy is far from being established. It has not yet been found 
possible to reproduce acetone, the alcohol , from tho supposed ether 
of tho series, as we can reproduce alcohol from the salts of oxide 
of ethyle. Moreover, in these double salts, the body Co Ho 0, 
does not act as a base, but is only coupled with the acid, as 
naphthaline in sulphonaplithalic acid. W e shall not, therefore, 
enter into minute details of the theoretical views alluded to. It 
is sufficient to enumerate tho supposed radical mesityle, Co Ho ; 
its oxide, Co IIo 0, oxide of mesityle ; its hydrated oxide, 
C« IIo 0, H 0 (aoetone) ; tho chloride and iodide of mesityle, 
Co Ho Cl and Co IIo I ; the acid sulphate of oxide of mesityle, 
Co Ho 0, II 0, 2 S O 3 (sulphomcBitylic aoid) ; the double salts 
of this sulphate, the formula of which is Co Ho 0, H 0, 2 M 0, 
2 S Oa ; and a compound discovered by Zeise, containing oxide of 
mesityle with chloride of platinum, Co Ho O, Pt Cl. 

The action of nitric acid on acetono gives rise to a new pro- 
duct : nitrite of oxide of ptehyle , Co H» 0, N Os ; phosphoric acid 
appears to form a compound acid with aoetone ; and when phos- 
phorus, iodine, and acetone are distilled together, another acid is 
obtained, which appears to contain hypophosphorous acid. 

When chlorine acta on acetone, it produces a liquid, Co II* 
Cla Oa , which is called mesitk chloral . 
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Mesitylole, Cis Hu, is obtained when acetone is distilled with 
fuming sulphuric acid. It is an oily liquid, boiling at 327". Its 
formation is as follows : — 

3 eqs. acetone = 3 (C«H«Oa) yield 0 H O + Ci* Hut 

Mesitylole, when acted on by chlorine, bromine, and nitrous 
acid, yields substitution products, as in the following table : — 


Mesitylole 

. Ci* 

Hl 2 

Triehloromesitylole 

. . Ci* H 

f Ila 
l Cb 

Tribroroomesitylole . 

. . Ci* i 

f Ha 
i Bri 

Nitromesitylole , 

. . Cl* j 

f Hu 

[NO* 

Dinitromesitylole 

. . Cl 6 

r 11 io 

L 2 N O* 

Trinitromesitylolo 

. . c»* j 

[Ih 
[3 NO* 

Sulphomesitylic Acid 11, 

S Oi + Ci* ^ 

r S Oa 

Lilli 


1 

Ifm 

Nitromesidine 

. Cl* i 

N Hs 


[NO* 

The acid is described by Hofmann. The base was obtained 
by Maule, from dinitromesitylolo by the action of sulphuretted 
hydrogen. Thus : — 

Ci. ■[ n +8US = 4HO+&+C. 1 { M« 
l IN 0. 

In all probability nitromesitylole would yield, by the same 

process, the base mesidino Cis | The reader will observe, 

that mesitylole is isomeric with cumole, mesidine with cumidine, 
and nitromesidine with nitroeumidine. But the two series of 
compounds are quite distinct. (See table, p. 141.) 


We have now gone through, very briefly, the known compounds 
of methyle and ethyle, the two first members of the homologous 
series of electropositive radicals of the formula Cn Hn -f* 1. Of 
this group sevoral are already kuown higher in the scale. But we 
have also become acquainted with oertain electronegative radicals 
of another series, derived from those of the methyle series, namely, 
formyle and acetyle, and with the hydrated protoxides and acid 
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teroxides of these last. Now, both of these likewise belong to 
homologous series, to those of the aldehydes, and of the volatile 
acids of the formula (as hydrates) Cn Hn O* (»= 2, 4, 6 , 8 , 10 , 
&o.) Now although we know but few of tho compounds homolo- 
gous with methyle or ethyle, with ether, or with alcohol, yet we 
know a large number homologous with formio and acetic acids, 
from the existence of whioh we conclude as to the existence of the 
others. Thus the acid next above acetio acid, C* H* 0* , is propylio 
acid, CeHaO*. Its immediate radical, propionyle, Ca Ho, must 
be homologous with acetyle, C* Ha; but as acetyle is derived 
from ethyle, so propionyle, Ca Ha , must be derived from a radical 
homologous with ethyle, propyle , Ca II 7 , and of this radical the 
oxide or propylic ether, Ca H? 0, and the hydrated oxide or pro- 
pylic alcohol, Co H 7 0, H 0, are respectively homologous with 
common ether and alcohol. 

Radicals with Co . 

Propyle } Ca H 7 , This radical, homologous with methyle, is 
formed when butyric acid is decomposed by galvanism, but has 
not been much examined. 

Oxide of Propyle , or Propylic Ether , Co Hj.O. This oxide is 
analogous to that of ethyle, and has been found to exist by Chancel, 
but is little known. It is an ethereal liquid. 

Hydrated Oxide of Propyle , Co H 7 O, II O =Pr 0, H 0. Syn. 
Propylic Alcohol. — Discovered in 1853 by Chancel among the 
products of the fermentation of the marc, or expressed grapes. 
When the fermented liquor is distilled to yield brandy, there is 
obtained an oily liquid, less volatile than alcohol, whioh is a mixture 
of several alcohols, higher in the series, with ethylio alcohol. 
The most abundant of these is the amylio alcohol, but the pro- 
pylio and butylic alcohols, and apparently tho caproio alcohol, 
possibly, also, the oonanthylio alcohol, are present. The propylio 
alcohol is found, along with alcohol, and a little methylic alcohol, 
in the most volatile part of this mixture. Some compound ethers 
are also present, which are decomposed by solution of potash, and 
boiling, yielding these alcohols and aoids, the latter remaining 
with the potash. The propylic alcohol is purified by rectification. 
It is a volatile, rather fragrant liquid, very similar to alcohol, 
except in having a higher boiling point, namely 206* F., and in 
not being miscible with water in all proportions. In fact, in this 
alcohol, the oily character begins to appear, evidently because the 
amount of carbon and hydrogen is so large in proportion to the 
oxygen. 

In all its chemical relations it resembles alcohol, and it is 
unnecessary to give minute details. 
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The radical, propyle, oombines with chlorine, bromine, iodine, 
cyanogen, sulphur, &c., forming compounds analogous to those of 
ethyle. 

Propylamine , C« Ha N = N Ha Pr. This is a volatile base, 
homologous with ammonia and methylamine. It occurs in 
Dippers animal oil, and may no doubt be formed by distilling 
the oyanate of oxide of propyle, or by the action of ammonia on 
iodide of propyle. (See Methylamine and Ethylamine.) It is an 
oily liquid, of a strong peculiar ammoniacal odour, which has all 
the characters of a powerful volatile base of the type ammonia. 

Propylamine has the same formula as trimethylaraino and 
ethylometliylamine, but is a different substanco from both. It is 
said to be formed when narco tine or codeine is heated with potash 
or lime and potash. 

Dipropylaniinc and Tripropylaraino are not yet known. 

Propyle appears to combine with arsenio, and will no doubt 
combine with other metals, as ethyle does. 

Cyanide of Propyle , Co II 7 , C 2 N = Pr Cy, This compound is 
the same with butyronitryle, and is obtained when butyramide is 
heated with anhydrous phosphoric acid. It resembles cyanide of 
ethyle, hut is less volatile. 

Propionyle , Co Hs= Pro. This is a radical, homologous with 
acetyle, and is unknown in the free state. It is isomeric with 
Kane’s mesitylo, and also with allyle, hut is distinct from both, 
even if the formula of mesityle were not doubtful. Its compounds 
are homologous with those of acetyle. 

Propionaly or P ropy lie Aldehyde , Cs H# 0 , H 0 = CoHa O a 
= Pro 0, II 0. This compound is among the products of the 
oxidation of albuminous substances, but has not yet been much 
studied. It is a volatile oily liquid, having all the characters of 
an aldehyde, and when oxidised yielding propylic acid. 

Hydrated Propylic A cid } Co Hs O 3 , H 0 = Co Ho 0* = Pro Os , 
H 0. This acid, the next above acetic acid in the series of 
volatile acids (Cu Hn) a (.)*, is remarkable as being the first of 
these acids which exhibits oily properties. It is best obtained by 
heating cyanide of ethyle with an alcoholio solution of potash. 
The reaction is very simple. C* H s , Cj N -f K 0 + 3 H 0 =« 
C«n ft O»,KO-fNH 3 . When the propylate of potash thus obtained 
is distilled with sulphuric acid, propylic acid passes over. It very 
much resembles aoctio acid, but is less volatile, and much less 
misoible with water, on which it floats in oily drops when the 
water is saturated with the acid. It occurs in several other pro- 
cesses, as when metacotone or propione is oxidised, when sugar is 
heated with potash, and also among the products of the destructive 
distillation of wood. 
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It is also formed in some fermentations, as in the fermentation 
of tartrate of lime, that of glycerine, and it is among tho products 
of the action of nitric acid on oils. It is also formed when peas or 
lentils are allowed to putrefy under water, Lastly, it is produoed 
when angelic acid is heated with caustic potash. 

Propylic acid boils at 284°, and only dissolves to a certain 
extent in water. Any excess floats in tho solution as oily drops. 
Its odour is acid and pungent, resembling those of acetic and 
butyric acids. 

Its salts resemble tho acetates, but havo something of a fatty 
character. The propylate of oxide of othyle is a fragrant ether. 
There exists a nitro- compound, nitropropylic acid, in. which 1 eq. 
of the hydrogen of propylic acid is replaced by nitrous acid, 0* . 

Its formula is Co j 0 3 , II 0. 

Propione , Csllsp, or Cio llio 0 2 . This compound, homologous 
with acetone, is formed when propylate of baryta is heated, and, 
along with acetone, when sugar is heated with lime. When 
oxidised it yields propylic acid, which leads us to prefer the 
formula Cio Hio 0 9 . It is a fragrant oily volatile liquid, and has 
much analogy with acetone. It was formerly called mctacetone, 
and hence propylic acid was called metacetie acid. 

Propionitrylc, or Cyanide of Ethyle , Co Il 5 N = (U II#, C* N, 
is formed when propylate of ammonia is heated with anhydrous 
phosphoric acid. It has been already described as cyanide of 
ethyle. 

Hyduret of Propmiyle , Co II « , II = Co IIo . This is a carbo- 
hydrogen homologous with hyduret of ethyle or oleiiant gas. It 
is a gas much like olefiant gas, and absorbed, like it, by chlorine. 
It is formed when amylio alcohol is passed through a red-hot 
tube. 

With chlorine, bromine, &c., it yields products analogous to 
those of olefiant gas. 

Propyhmide, Co TIo Oa , NH», is analogous to acetamide. It is 
formed when ammonia acts on propylate of oxide of ethyle. When 
heated with anhydrous phosphoric acid, it yields propionitryle, 
which is cyanide of ethyle. 

Gerhardt lias proposed to name the electropositive radicals of 
the methylio series, standing above ethyle in the list, in a way 
which indicates their place in the series. Thus, he names pro- 
pyle, trityle, as being the third member of the series ; butyle, the 
fourth, will be tetryle; amyle, the fifth, will be pentyle, and so 
on. It is not unlikely that this nomenclature may be adopted for 
these radicals, while those of the formylio series shall retain 
names derived from the acids in which they are supposed to exist. 
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It will be observed, that all the compounds of propyle, C 6 II7 , 
and of its derived radical, propionyle, C 6 H 5 , which, so far as 
known, have been briefly described in the preceding pages, corre- 
spond perfectly to those of methyle and ethyle, and of their deri- 
vatives, formyle and aoetyle. And it cannot be doubted, that we 
shall in time discover for every compound of methyle or of formyle, 
a corresponding one of propyle and propionyle, as wc have of 
ethyle and acetyle. The properties of these compounds may even 
now be confidently predicted to a great extent. Thus, we shall 
have a zincopropyle, a stibiopropyle, &e., with properties closely 
resembling those of the ethyle compounds. 

Before quitting this subject, it may hero be mentioned, that 
oil of garlic, C 0 II„ 8, and oil of mustard, C 0 II5 C2 N S 2 , contain 
a radical allyle , Cell#, isomeric with propionyle, but not identical 
with it. At least the oxide of allyle, which is known, does not 
possess the properties which we Bliould expect to find in oxide of 
propionyle. It is probable that allyle and propionyle may prove 
to be isomeric only. 


Radicals with Cs . 

Butyle } CsIIo= Bu. Syn. Valyle . — This radical, discovered 
by Kolbc, is obtained among the products of the decomposition, by 
tho galvanic current, of valerianic or valeric acid, C10 II10 0* : 
thus; C10 H10 0* = Cs H» -f 2 0 0* H. It is a colourless 
transparent liquid, of an agreeable ethereal smell, and a taste at 
first slight, afterwards burning. It is insoluble in water, soluble 
in alcohol and ether. It boils at 226° Jb\, is inflammable, and 
burns with a luminous but smoky flame. Its density, in the 
liquid state, at 64°, is 0*694 ; that of its vapour is 4*053. 

When oxidised by nitric acid, it yields butyric acid and nitropro- 
pylic acid. In the formation of butyle by the electrolysis of valerate 
of potash, it appears at the positive pole, and as the oxygen of 
decomposed water meets it there, it is oxidised in a peculiar way, 
yielding oxide of butylo, which combines with a portion of the 
valerianic acid, forming valerianate of oxide of butyle, Cs llo 0, 
C10 He O3 == Cis IIis 0* . If this compound could be obtained 
in sufficient quantity, it would enable us to ascertain the pro- 
perties of the hydrated oxide of butyle, or butylio alcohol, and 
probably also of the oxide of butyle or butylio ether. Kolbe was 
only able to obtain evidence of the existence of the butylio 
alcohol, formed when the above compound is heated with alcoholic 
solution of potash, Cs He 0, C10 Ho Os + K 0, HO, = KO, C10 He 
Os -f- Cs Ho O, H 0. He lias further obtained the carbohydrogen, 
Cs Hs , homologous with olefiant gas and with propylene. It is 
called butylene , and in properties, and in its relation to chlorine, 
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&c.; resemb^s ita^ homokigues. It oocurs in the oil of oil gas, 
probably also ifc that of coal gas. 

But Wurtz has found, among the products of the fomentations 
of potato starch, the butylio alcohol. 

Hydrated oxide of butyle (tetryle), Cs Ho 0, II 0 = Bu 0, H 0, 
%». Butylio alcohol. Found in the oil of potato spirit. These 
oils contain much amylio alcohol. But if the more volatile 
portions be collected separately, and purified by rectification, then 
are obtained alcohol, traces of propylic alcohol, and a certain 
quantity of butylio alcohol. When pure, this compound boils at 
233°, and is a liquid, lighter than water, in which it dissolves 
only sparingly, tlie excess floating in oily drops. Its odour is 
analogous both to that of alcohol and of amylio alcohol. When 
fused with potash, it is converted into butyrate of potash, hydrogen 
being given off. With oil of vitriol it forms an acid sulphate of 
oxide of butyle, or sulpho- butylio acid, Bu 0, II 0, 28 O 3 . 

The oxide of butyle, or butylic ether, is not yet well known. 

llydrosulphuret of sulphuret of butyle , or butylic mercaptan y 
B 11 S, HS = CflHoS, II S, seems to bo formed when sulphur is 
heated with olive or almond oil. At least a mixture is thou 
obtained, which contains a liquid, having a most offensive garlic 
odour, and, like mercaptan, forming compounds which crystallise 
with salts of mercury and some other metals. The butylic mer- 
captan, however, has not been obtained in a state of perfect purity. 

When the sulpho-butylate of potash is distilled with eyanate 
of potash, there is obtained a mixture of eyanate and cyan urate 
of oxide of butyle. And when this mixturo is heated with 
potash, butylamine is formed. 

Chloride of butyle , Cs Ho 01, = Bu Cl, is formed when per- 
chloride of phosphorus acts on butylic alcohol. It is as yet little 
known. 

Cyanide of Butyle ) CioHoN srCsIIo, CoN, is identical with 
valeronitryle, which see. 

Butylamine , Cs IIu N = N Ha , Cs Ho . — This base has been 
discovered by Anderson in the basio part of Dippel’s animal oil, 
along with ethylamine, methylamine, propylamine, and other 
bases of the same scries, besides some bases of other series. 
This is an amide base, and it is isomeric with two imide bases, 
namely, diethylamine and methylopropylamine, and also with a 
nitryle base, namely, ethylodimethylamine. The following table 
will show this : — 

Butylamine Amide base N Ha , Bu = C« Hu N 

Diethylamine 1 r id v™ f N H Aea =C» Hu N 

Methylopropylamine / lmide ba8€9 \NH Mo Pr ss C« Hu N 

Ethylodimethylamine Nitryle base N Ae Me* = Cs Hu N 
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All these bases are distinct, and the same law of isomeric 
variety prevails throughout this series of bases, tho variety in- 
creasing as we rise in tho scale, two new isomeric forms being 
added at each step. 

Butylamine is less volatile than propylamine, oily, and power- 
fully basic. It is still, however, so volatile, that Anderson first 
named it petinine, from its volatility. It will probably be found 
to occur in various decompositions, and, like ethylamine, to yield 
substitution-products with chlorine, &o, 

We are not yet acquainted with any radicals in which butyle, 
Cs Ha , is united with metals ; but we cannot doubt that such 
compounds will bo discovered, homologous with kakodyle, 
stibethyle, <&c. Indeed a compound, containing arsenic, has 
been derived from butyric acid, but its nature is not yet exactly 
known. 

Butyryle , Cs II 7 . This radical is not yet known in the separate 
form. It is, however, homologous with acetyle, formyle, and 
propionyle. Its hydrated oxide, or butyraldehyde, called also 
butyral, homologous with aldehyde, is known. 

Jlyduret of butyryle , Cs II 7 , 11 = C« Iis . Syn. Butylene, 
Tetrylene. This compound, homologous with olefiant gas, and 
with hyduret of propionyle, is found among the products of 
the decomposition of oils by a rod heat, or of the action of a 
mixture of limo and potash, aided by heat, on oily acids of 
high atomio weight. It is a gas at the ordinary temperature, but 
condensible by cold. It boils below 32°. The density of the gas 
is l’92f>. It yields, with chlorine and bromine, compounds 
analogous to those yielded by olefiant gas. There can be no 
doubt that this substance, butylene, is a constant ingredient, 
both of coal and oil gases, and also of the more volatile parts of 
tho oil of wood, coal, or oil tars. 

Hydrated Oxide of Butyryle , Cs II? 0, II 0 = Cs Hs O 2 . This 
compound was found by Guokdberger, among the products of the 
oxidation of fibrine, albumens, &c., by sulphuric acid and 
peroxide of manganese, or bichromate of potash. Chancel has 
also obtained a compound of the same composition by distilling 
the butyrate of lime, and which he calls butyral ; but it appears 
that tho latter is isomeric only, not identical, with the former, 
which is the true aldehyde of butyric aoid. It is perfectly 
analogous to aldehyde in its relation to potash, to oxide of silver, 
to ammonia, and to oxygen, yielding, when oxidised, butyric acid. 
It boils at 156° to 160°, and its density at 60° is 0*8. Its com- 
pound with ammonia seems to yield, with sulphuretted hydrogen, 
a base, homologous with thialdino. 

Butyric Acid, Cs II7 0 3 , H 0. This acid, tho hydrated 

s 
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teroxide of fyutyryle, is He fourth in the series of volatile oily 
acids (C»Hi») %0± 4 It exists in butter, in small quantity, com- 
bined with oxide of glyceryle (oxide of lipyle), to which com- 
pound the flavour of butter is chiefly to be asoribed, the great 
mass of butter being tasteless and inodorous. 

Anhydrous Butyric Acid , Cs H 7 Oa , is obtained by the action 
of oxychloride of butyryle on butyrate of potash, Cs H 7 Os , K 0 

+ C. H» JJ j = KCI + 2 Ca H7 Oa . 

Ii is a mobile, highly refractive liquid, lighter than water, 
boiling at 372° F., of a pleasant ethereal odour. It is converted, by 
oontact with water, into the hydrated acid. With ammonia it 
forms butyramide, and with aniline butyranilide. 

To prepare the hydrated acid, sugar is dissolved in 4 parts of 
water, and some pressed curd, which lias been exposed to the air 
for a time, is added along with a quantity of prepared chalk. 
The whole mass is kept at a temperature of from 76° to 85° F. 
After some days, the whole becomes solid by the formation of 
lactate of lime ; but if the operation be continued, and water 
added to supply the place of that lost by evaporation, it again 
becomes liquid, the lactate disappears, and butyrate of limo is 
formed. With 4 lbs. of sugar I have been the change complete iu 
a fortnight. At other times it has lasted bix weeks. This de- 
pends on changes of temperature; for, with a steady heat of 8<3° 
or even 90°, it proceeds rapidly. 

The mass is warmed, passed through a cloth, and the residue 
well washed ; the liquors, united, are evaporated, and the bu- 
tyrate crystallises on cooling from the concentrated solution. 

The sa]$ is then dissolved in water, and to this solution, or to 
the original solution when of a proper volume, carbonate of soda 
is added, which converts the butyrate of lime into butyrate of 
soda, and carbonate of lime. To this solution of butyrate of soda, 
sulphuric acid, previously diluted with its own weight of water, 
is added in excess, and the greater part of the butyric acid rises 
to the surface as an oil, while some remains dissolved in the 
liquid. The oil is drawn off, and the liquid distilled as long as it 
yields any butyric acid. This is added to the rest, and the whole 
purified by rectification. 

Bntyrio acid may also be made from starch, jelly, or boiled 
potatoes crushed and suspended in water, using flesh as the 
ferment, with chalk as before to combine with the acid as it is 
formed. This mixture succeeds better on a small scale than the 
other, being less dependent on a uniform temperature. 

Hydrated butyrio acid is a colourless liquid, very mobile, of an 
edour like that of acetic acid and that of rancid butter mixed, 
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and a burning acid taste. It boils about 250° F., or a little 
lower. It may be crystallised by a very intense cold. The 
density of the liquid is 0*98, but mixed with an equal volume of 
water it becomes heavier, the density being then 1*00287. The 
density of its gas is 3*7. It is only soluble to a certain extent in 
water, and any excess appears as an oil. 

The production of the acid is thus explained : 

Ci# Hi# Oi# + Ca 0, C 02= (Ca 0, C# Ht Os)+HO + 5CO#4* Ha, 


Sugar. Butyrate of limo. 

and it is therefore accompanied by carbonic acid and hydrogen 
gases. When distilled with sulphuric acid, this salt yields the 
hydrated butyric acid, CsIIr Os, H 0 =s Cs Ha 0*, which is poly- 
meric with aldehyde, C* Ha Oa, and isomeric. with acetic ether, 
Ca H& 0, Ca Ha Oa. 

The salts of butyric acid are like those of acetic and propylio 
acids, but have more of the character of soaps, as the acid is more 
oily. They do not readily moisten with water. The butyrate hf 
limo crystallises readily, as does that of baryta. 

Butyrate of Oxide of Ethyle , or Butyric Ether, C# Ho 0, 
Cs Ht Oa = (ha Hia 0* , is a very fragrant ether, and appears 
to constitute the chief part of the flavouring matter of the pine- 
apple, melon, strawberry, and some other fruits. The presence of 
this ether, in small proportions, gives to spirits the flavour of old 
rum, and hence no doubt the reason why the best old rum is called 
pine-apple rum. Butyric ether dissolved in 6 purts of alcohol is 
now used as essence of pine-apple. When rum is made by the 
fermentation of molasses, the freshly- distilled spirit has much 
less flavour than after long keeping. In faot it contains but 
little of the ether, and a small quantity of free butyric acid, 
whioh, on keeping, gradually combines with oxide of ethyle and 
increases the flavour. Some very highly-flavoured wines owe 
their flavour to the presence of traces of acetic and butyrio 
ethers. There is a nitrobutyric acid, Cs II o N O 7 , II 0. 

Butyronitryle , Cs Uj N = Cs H 7 , Ca N. SrN. Cyanide of 
Propyle . This is an oily liquid of Sp. G. 0*795, boiling at 245% 

If we could obtain from this compound the hydrated oxide of 
propyle, or propylio alcohol, that substance might be had in any 
desired quantity, and would yield, no doubt, a whole series of 
compounds, homologous with those derived from alcohol. But 
this wo cannot yet do, for when cyanide of propyle is boiled with 
potash, butyrato of potash is obtained, a circumstance rather 
favouring the idea that it is not really a cyanide, but a compound 
of nitrogen with butyryle, a true nitryle. On the other hand, 
with potassium it yields cyanide of potassium. Further researches 
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must determine whether it be a true cyanide or not. Its forma- 
tion is as follows : (N H*0, Cs H 7 Oa) + xP Ooizr x P Oa, 4 H 0 
4 * CsIItN. Butyronitryle is also found among the products of 
the oxidation of albuminous compounds. 

Butyramide , Cs H 7 Oa, N Ha, is formed when butyrate of 
oxide of ethvle (butyric ether) is heated with ammonia in closed 
tubes. (C* H« 0, Cs Ih O3) + N lb = C* H» 0, H 0 -f 
Cs II7 Oa, N H 2 . Heated with dry phosphoric acid, butyramide 
yields butyronitryle, only 2 cqs. of water being separated. 
Cs Hf Oa, N Ha + xp Ofl= X P Oa, 2 II 0 4- C» IJ7N. 

Butyrone , C7 II? 0 or Cu Hu Oa, is homologous with acotono 
and propione, and resembles them closely, but is, of course, less 
volatile than propione. Tt is formed when butyrate of baryta 
is exposed to heat. C 8 Hr O3, Ba 0 = Ba 0, C Oa -f CV II7 (). 
The formula Cu Hu Oa, however, seems to be the true one. It 
is isomeric with the aldehyde of oenanthic acid, or amanthal, the 
hydrated oxide of oenanthyle, Ci* His 0, H 0. But these two 
compounds are not identical. 

Wo have now seen, that all the known compounds of butyle, 
Cs Ho , and of butyryle, Ch Hr , correspond perfectly to those of 
methyle and forinyle, of othyle and aoetyle, of propylo and pro- 
pionyle. In tlio case of the radicals with 6 eqs. and of those 
with 8 eqs. of carbon, the names given to the two series, one 
positive, the other negative, aro nearly similar. Thus wu have 

Original, or eioetro pohitivo radicals. Derived, or electro negative radicals. 

Methyle O 2 Ha Formyle (bll 

Kthyle C* ih Acetylo OtlH 

Propyle Call? Propionyle Calls 

Butyle Csliu, &c. Butyryle Call?, kr. 

The reason. of this is, that in the two latter casos we were not till 
lately acquainted with the alcohols and ethers, but only with the 
derived acids. Hence the name of the radicals in the lirst or 
positive series was, in these oases, taken from the acids, and the 
samo is continued as we ascend in the scale. We shall give, 
however, as in the above instances, the shortest and simplest 
names to the original or positive radicals, while the derived ones 
will have modified names, if possible, connected with the acid to 
which they belong, as propionyle from propionic (now called 
propylic) acid. In the next case, however, as the alcohol has 
long boon known, we have, as in the cases of methyle and ethyle, 
quite different names for the original and tho derived radicals. 

Radicals with C 10 . 

Arnyle. YaJeryle. 

Amyfo, C 10 Hu ass Ayl. This radical was discovered by 
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Frankland, as a produot of the action of zinc on iodide of amyle, 
and subsequently obtained by Brazier and Gossleth among the 
products of decomposition of caproic acid, Cia Hia O 4 , by the 
galvanic current. Cia Hia O* = C 2 0* 4- H -f C 10 Hu . It is an 
oily liquid, boiling at 311°, and is homologous with methyle, 
ethyle, &c., being the fifth in that series. 

Oxide of Amyle , O 10 H 11 0=Ayl 0. Srtf. Amylic Ether, is 
obtained when chloride of amyle is acted on by an alcoholic 
solution of potash. It boils at 233°. By the action of sulphuric 
aoid on amylio alcohol there is obtained a compound isomeric 
with it, but less volatile. Oxide of amyle is homologous with 
oxides of methyle, ethyle, &o., and forms, like them, compounds 
with almost all acids. 

Ifydrated Oxide of Amyle, Syn. Amylic Alcohol. Fuseloil, C 10 
Hu O, II 0 = C 10 IJu Oa. This compound, which is a true 
alcohol, perfectly homologous with methylic and ethylio alcohols, 
is the fifth member of the series of alcohols. It is formed, 
along with ethylio or common alcohol, in the fermentation of 
potato or grain starch under certain circumstances, which are 
not fully understood. It is also formed in the fermentation of 
grape juice, along with common alcohol and propy lie alcohol, a9 
well as other alcohols, higher in the series. Its formation evidently 
depends on a peculiar fermentation of sugar. Thus, wo may 
suppose 5 eqs. of sugar to yield 4 eqs. of amylic alcohol, 12 of 
water, and 20 of carbonic acid. 5 (C 12 H 12 Oia) = 4 (Cio Ilia Oa) 
4- 12 H 0 -h 20 C O 2 . But the amylic fermentation may be one 
in which other compounds, not yet ascertained, are formed. The 
oil of potato or grain-spirit, which distils over in the latter part 
of the process, contains alcohol, amylic alcohol, amanthio acid, 
caprio acid, and margarie acid. Whether these acids are formed 
in the amylic fermentation is not yet known. 

Amylic alcohol is a colourless, somewhat oily, liquid, very little 
soluble in water, and boiling at 270°. It has a powerful but 
unpleasant odour, and when inhaled produces spasmodic con- 
striction in the air-passages or bronchi, and nausea. It has an 
acrid nauseous taste. At — 4° it crystallises. When boated with 
potash, it is oxidised, hydrogen being given off, and valerate of 
potash is formed. Heated with anhydrous phosphoric acid, it 
yields the carbohydrogen Cio H 10 , homologous with olefiant gas. 
This is called araylene or valerene. (See Valcrcne.) 

The salts of oxido of amyle are ethereal compounds, very 
similar to those of oxide of ethyle, but, of course, muoh less 
volatile. The neutral sulphate is unknown, but the acid sulphate 
or sulphamylio acid is quite analogous to sulphovinio acid. 

Sulphamylic Acid , 8 Os , Ayl 0 -f S 0® H 0. This compound 
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is formed exaotly like sulphovinio acid (which see). Its salts are 
soluble, but have somewhat of a fatty feel. Their formula is 
8 Os, Ayl 0 4- SOs, M 0. There is another ac*d, the hyposul- 
phamylicacid, the formula of which is Cio IIn, Ha Os, H 0, or 
Ayl 8* Os , H O. 

Tlio hyponitrite, the nitrate, the carbonate, the benzoate, the 
oxalate, the acetate, the cyanate, the cyanurate, and many other 
salts of oxide of amyle, have been studied, and are quite 
analogous to those of oxide of ethyle, &c. Some of the com- 
pounds of oxide of amylo with the acids of the acetic series are 
very fragrant ethers, and give the flavour to some fruits. This 
is the case in jurgonel pears, the essence of which is a com- 
pound of this kind, or a mixture of two or three such compounds, 
but chiefly the acetate of oxide of amyle, which is now made and 
used as essence of pears, and has the perfect flavour of that fruit. 

Carbamate of Oxide of Amyle , Cia N Ilia O* , or amylo-urothane, 
is prepared like the corresponding ethyle compound, to which it 
is quite analogous. 

1. Amyl offline, 0 lo H ls N=:NH« Ayl, homologous with methy- 
lamine, &e., is obtained by heating the cyanate or cyanurate of 
amyle, or amylo-urea, with potash. To take the first process, 
that from the cyanate, we have 0i O Hu O, Os N O + 2 (K 0, 
H O) = 2 (K 0, C Oa) 4- Cio His N. It is a liquid, boiling at 
203°, with a density, at 64°, of 0*7503. It is a powerful base, 
with a strong ammoniacal smell and burning taste, miscible with 
water in every proportion. It precipitates almost all metallic 
solutions. Its salts much resemble those of ammonia. It pro- 
duces, with oxalic ether, the compound amyloxamide , Cia Hu 
N 0* ; homologous with oxamide, methyloxarnidc, &e. The 
double salt of amylaraine with chloride of platinum is much 
more soluble than the ammonia salt, 

Amylo-urea , Cit N Hi* Oa . Cyanate of potash with sulphate 
of amylamine, yields amylo-urea, K O, Ca N O 4 Cio Ilia N, H O, 
8 0s =s=KO, 80s 4- C ia NHi*O a . 

Amylamine is found among the basic products of the distil- 
lation of animal matter. 

The formula Cio Hi* N, represents not only amylamine, but 
several other bases isomeric with it. Such are methylobuty- 
lamine, N H, Me Bu ; ethylopropylamine, N H, Ae Pr ; raethylo- 
diethylamine, N, Me Ae* ; dimethyiopropylamine, N, Me* Pr, all 
of which differ in properties, but all are volatile buses, and all 
have the empirical formula Cio Ria N. 

2, Diamylamine , Cao Has N = N II, Ayl a, is formed by the action 
of iodide of amyle on ammonia, but still better by the action of 
bromide of amyle on amylamine. It is a light oil of a peculiar 
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aromatio smell and burning taste. It is strongly basic, and 
boils about 3401 It forms salts with acids, analogous to those 
of ammonia, but less soluble, except the double salt of hydro- 
chlorate of amylamine and bichloride of platinum, which is more 
soluble than the ammonia compound. This base is isomeric with 
a large number, such as ethylopropylamylamine, N Ae Pr Ayl, 
methylobutylamylamine, N, Me Bu Ayl, &c. &c. ; since the 
hydrogen of ammonia, if replaced by any one, two, or three of 
the radicals hitherto described, methyle, ethyle, propyle, butyle, 
and amyle, will yield a base of the formula C 20 His N, provided 
the carbon of the radical or radicals employed does not exceed 
C 20 when added together. We may have (omitting the hydrogen) 
Ca , C>8 , C 10 “ C 20 J or, C* , Cfl , C 10 — ^ C 20 J or, C* , Og , Cs ^ C 20 j 
or, Co , Ca , Ca = C 20 , and the same holds true in every case. 
Besides, similar isomeric bases may be obtained by using, in 
addition to the radicals with C = 2, 4, 6, 8, or 10, those with 
C = 12, 14, 16, 18, and 20. 

3. Triamylamine , C 30 H 33 N = N, Ayl s , is obtained by the action 
of bromide of amyle on diamylamine, or by heating the hydrated 
oxide of tetramylium, to be presently described. It resembles 
diamylamine, but boils at about 498°. It is, of course, isomeric 
with a still greater number of possible bases than the preceding, 
inasmuch as the permutations of Ca , C*, Co, Ca, C 10 , &c., up to 
30, are more numerous than with Cso only. Several such isomeric 
bases have already been produced. 

4. Tetramylium , N, AyU , and its oxide, N, AyU 0, are homo- 
logous with the corresponding methyle and ethylo compounds, 
and are prepared in the samo way, by the action of iodide 
of amyle on triamylamine, or on ammonia. The iodide of 
tetramylium is crystallisable, very bitter, and its formula is 

II N, I = N AyU, I. With oxide of silver, it yields iodide of 
silver, and the oxide of tetramylium, the hydrate of which is very 
hitter, but less soluble than the corresponding ethyle compound. 
The hydrate appears as an oil which crystallises, and its solution 
deposits on standing crystals of an inch or more in length and 
thickness, which are compound of the hydrate with water of 
crystallisation. The hydrate, when heated, is resolved into 
triamylamine, water, and amylene or valerene, thus : N AyU 0,. 
HO = N AyU -f 2 H 0 4 - C 10 H 10 . 

Triethylamylium , C 2 a Has N = N, Ae Ayls . This compound, 
in which 3 etjs. of the hydrogen of ammonium are replaced by 
ethyle and one by amyle, forms, like the last, a crystalline bitter 
iodide, and a bitter basic hydrated oxide, which is a powerful 
ammonium base. When heated, it yields a new base, diethyl- 
amylamine, water, and ethylene, or C* II* . 
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Diethylamylamine , Cis Hai N = N, Ae® , Ayl, is formed as 
above described. It is not so powerful a base as some of its 
congeners, but is yet distinctly and strongly basic, of the nitryle 
series, corresponding to N Ha . 

Methylodiethylamylium , C20 Ha* N =N, Me Aea Ayl, is a new 
ammonium compound, obtained as iodide, when iodide of methyle 
acts on the preceding. Its oxide is a powerful base, like the 
others of this class. When heated it yields a new volatile 
methyle base (methylethylamy famine), water, and ethylene. 

Methylethyiamylamine , Cio Hio N, «= N, Me Ac Ayl, is a vola- 
tile liquid base, boiling at 275°, and neutralising acids. 

The chloride, bromide, iodide, cyanide, sulphuret, hydrosul- 
phuretted sulphuret, and sulphocyanide of amyle, are prepared 
exactly in the same way as the corresponding compounds of 
ethyle, and have analogous prop( rties. The analogy is indeed so 
perfect that we need not describe these compounds in detail. 
The cyanide is identical with cupronitrylo. (See Caproic Acid.) 

No compounds of amyle, corresponding to zineethyle, to kako- 
dyle, to stibiomethyle, are yet fully known, although Frankland 
has shown that zincamyle does exist; but it is hardly to bo 
doubted that such compounds may bo formed, and that they will 
prove analogous to those already known. 

Valeryle , C 10 IIo ; hydrated oxide of valeryle, C 10 IIo 0, H 0. 
This radical, the fifth in the series of formyle, CnHn — 1 . is not 
known in the separato form; but its hydrated protoxido, valeral- 
dehyde or valeral, appears to ho one of the products of the oxida- 
tion of albuminous matter. It is a volatile liquid, having all the 
characteristic properties of an aldehyde, yielding valerianio acid 
when oxidised, and forming a crystalline compound with ammonia. 
Its formula is Cio Ho 0, II 0 = Cio II 10 Os, and it is polymeric 
with capric acid, Cao Hao 0*, and with valerate of oxide of 
amyle, Cio Hu 0, Cio H» Oa. Valerianic aldehyde, or as it is 
called for brevity, valeral, may he obtained more easily by acting 
on amylic alcohol with sulphuric acid and bichromate of potash. 

It is a mobile liquid, boiling at 227* F, of Sp. Hr. 0820; tho 
density of its gas is 2*96. 

It forms, with nitrio acid, a substitution-product analogous to 
nitropropylio acid. With ammonia it forms a crystalline com- 
pound analogous to aldehydammonia. 

If valeral were to act on hydrocyanic acid, it would probably 
yield a substance homologous with glyoocine and alanine. This 
has not been tried, but such a substance is known. It is leucine, 
Cia II 13 NO*, to be afterwards described, as a product of the 
action of potash on animal matters. 

Valerianic Acid t Cio Ho Oa, H 0 = Cio Hio 0*. This acid, 
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the fifth in the series, (C* Hu ) a 0* , is found in nature in the oil 
of valerian ; also, in small proportion, combined with oxide of 
lipyle, in train oil, and the oil of the cetacea generally, which owe 
their smell to this latter compound. It is found also in the seeds 
of Viburnum opulus , and occurs as a frequent product along with 
the preceding compound, and many of their liomologues, among 
the products of oxidation of animal matters and of fat oils. It 
is formed, besides, when amylic alcohol is heated with caustic 
potash, and when valeral is oxidised. I have also seen it pro- 
duced by a spontaneous change in salted butter, ill prepared, and 
in jam made with greengage plums, which had been kept for 
some time. It is an oily liquid of Sp. G. 0*944, and boiling at 
270°, with a strong odour of valerian. Its salts are soluble, and 
have a sweetish taste and fatty aspect. Valerate of oxide of 
etliyle, or valeric ether, is a fragrant compound, occurring in 
some vegetable products. 

The anhydrous valerianic acid Cio Ho 0 3 , is formed by the 
action of oxychloride of phosphorus on valerate of potash. It is a 
limpid oil, very mobile, of 8p. G. 0*934 ; with an agreeable smell 
of apples when pure, but by contact with water it is hydrated, 
and acquires an intense odour of valerian, which is that of the 
hydrated acid. It boils about 440° F., and tbe density of its gas 
is 6*23. Its vapour attacks both the eyes and the respiratory 
organs. 

The salts of valerianio acid resemble the butyrates, but have 
more of a soapy character. Some of them are used in medicine. 

Valerate of oxide of ethyle, C * Hs O, Cio He O 3 , or valerianic 
ether, is fragrant, and occurs, it is said, in some fruits. 

Valerate of oxide of a my le y Cio II 11 0, Cio llo O 3 = C 20 II 20 0*, 
is homologous with acetic ether, isomerio with caprio acid, and 
polymeric with valeral. It is a fragrant ether, and gives to the 
apple its peculiar grateful llavour. Wo have seen that the pear 
is flavoured by the acetate of oxide of amyle, Cio Hu 0, C* Ha Os, 
and that butyric ether, C* 1I» 0, Cs 1I 7 O3, contributes to the 

flavour of the pine-apple. All these compounds, and many 

others of similar properties, contain an oxide homologous with 
ether, or ether itself, and an acid homologous with acetic acid, 
or acetic acid itself. 

Valerate of Ammonia , N Hi 0, Cio Ho O 3 , under certain circum- 
stances loses 2 eqs. of water and yields valeramide. Thus, when 
valerate of oxido of ethyle is left in contact with strong ammonia, 
valeramide and alcohol aro formed. C* 0, Cio Ho Os + N H* 

0 = C* IU O, H 0 + H O + Cio NHn Oa . This latter body, 

valeramide, forms large crystals. 

Valeronitryle, Cio He N, is formed when valeramide is heated 
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with anhydrous phosphoric acid. It is identical with cyanide of 
butyle, Cs II®, C® N. Yalcronitryle is found among the products 
of the oxidation of albuminous compounds. It is a volatile, 
aromatic liquid, which, like the other nitryles, yields, with potas- 
sium, cyanide of potassium, hydrogen, and a carbohydrogen ; 
with potash, ammonia, and the acid ; in this case valerianic acid. 

llyduret of Valery le y Cio Hio =s Oio IU, H, or valercne, is 
obtained as one of the products of the action of zinc on iodide of 
amyle, along with hyduret of aruvle, Cio Hi®, and amyle Cio Hu. 
2 eqs. amyle, C 20 II 22 , yield 1 eq. valercne, Cio Hio, and 1 oq. 
hyduret of amyle, Cio Hi®. The former of these is homologous 
with olefiant gas, and maybe hyduret of vuleryle, Cio If®, 11. 
The latter is homologous with marsh gas, C II*, and its rational 
formula is Cio Hu, II. Both are volatile, oily, combustible 
liquids. 

Valerone , C® H® 0, or rather Cis His Oa , homologous with 
acetone, is formed when valerianic acid is heated with excess of 
baryta. It is less volatile than butyronc, which it resembles. It 
is isomeric with the aldehyde of pelargonic acid, or polargonal, 
CTs Hi® O, II O. 

It will be seen that the analogy of homologous compounds is 
perfectly observed, so far as they are known, in the compounds 
of amyle and valeryle. Only the most important of these have 
been mentioned, and that very brieily ; but, next to methyle and 
formyle, ethyle and acetyle, these radicals, amyle and valeryle, 
are, in this series, those by much the best known, and are par- 
ticularly interesting, from the very perfect analogy they present 
to the others just named. Tho additions of 3 (C® H®), and of 
4 (C* Ha), to the compounds of ethylo and acetyle, of methyle and 
formyle, respectively, has, as will be observed, only produced a 
complete though of course slightly modilied copy of those com- 
pounds ; and with the doctrine of homologous series, we might 
have predicted nearly all the properties of the compounds with 
Cio, from our knowledge of those with Ca andC®. The series 
with Cio is at present far more complete than those with any 
higher number. As we rise in the scale we shall find, as a 
general rule, fewer compounds known, but in every case, up to 
C*>, and in some beyond that point, we arc acquainted with the 
acid, homologous with acetic acid. 

Radicals with C 12 . 

Caprotyle. Caproyle. 

As in the case of C®, C®, Cio, Co andCs,we have admitted 
as highly probable, two radicals in each case, one of the formula 
Cn H® + 1 , or the methylic series, and the other with the 
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formula Cn Hn — 1, or the formylic series ; so also we admit 
two corresponding radicals with Ci2, namely Cm Hm and Cm 
Hu . As the latter is the radical of an acid named before its 
nature was known, the caproio acid, we shall call it caproyle = 
C12 Hu = Cpr. The former we shall call caprotyle = Cm Hw = 
Opt, inserting here the letter t f to indicate that it belongs to the 
series of ethyle and methyle, in which t occurs, while the two 
names show that the radicals are closely connected. This must 
be attended to, as considerable confusion has arisen from both 
having been named Caproyle. 

Caprotyle — Cm II 13 = Cpt, is obtained when omanthylate of 
potash Ci* H 14 O3, KO, is decomposed by galvanism. K 0, Cm 
Hw O3 + H 0 = X 0, 2 C O2 + H + Cm llw. Probably a part 
of it is decomposed into caprotene, or caproylene, Cm Hm, homo- 
logous with olefiant gas, and hyduret of caprotyle, Cm Hi* ss Cm 
His, II, homologous with marsh gas, for 2 (C12 H13) = Cm H12 -f- 
Cm Hi*. This radical, called also liexyle, as being the sixth in 
the series, is a fragrant oil, boiling at 395° F. It is not decom- 
posed by sulphuric acid, but is attacked by chlorine. When 
boiled with a mixture of nitric and sulphuric acid, it is converted 
into a volatilo acid, probably caproic acid. Of the compounds of 
caprotyle, homologous with those of ethyle, we already know the 
alcohol, or hydrated oxide from which no doubt the ether or 
oxide may bo formed, and the acid sulphate, as well as the vola- 
tile base caprotyl amine. As yet, the chloride, bromide, iodide, 
and sulpliuret, have not been studied. Of the derivatives of the 
corresponding negative radical, caproyle, we know the hydrated 
oxide or aldehyde, and the hydrated teroxidc or acid. 

Hydrated oxide of caprotyle . Caprotylic or Caproio alcohol, 
Cm Jlia O, H O, is obtained from the less volatile parts of the 
inferior brandy made from the marc or expressed residue of the 
grape in the South of France. This less volatile portion consists 
chiefly of alcohol and auiylic alcohol, with smaller proportions of 
mcthylic, propylic, butylio, and caproic alcohols, and from it the 
propylio alcohol is obtained. In the rectification of the latter, the 
caproio alcohol accumulates in the least volatile parts, which are 
by repeated rectifications, or fractionated distillation, separated 
into a more volatile part, containing much atnylic and little or no 
caproio alcohol, and a less volatile part, in which caproio alcohol 
predominates. Faget, who detected it, only obtained enough to, 
prove that it exists, and has all the properties to be expected in 
an alcohol of its place in the series. It is at first mixed with a 
less volatile liquid, possibly an alcohol, or a mixture of aloohols, 
higher in the scale, and can only be got pure by often repeated 
rectifications, which are continued till a liquid is obtained, which 
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has a constant boiling-point of from 300° to 320° F. In these 
operations the quantity rapidly diminishes as the purification 
proceeds, and the final product is but small. 

It is an oily mobile liquid, of an agreeable aromatic vinous 
odour and warm pungent taste, having great transparency and a 
high refractive power ; of Sp. G. 0*833 at 32 \ The density of 
its gas is 3*53. It boils between 300 J and 320\ 

When heated with caustic potash, it is converted into caproato 
of potash, hydrogen being disengaged. 

With oil of vitriol it forms the acid sulphato of oxide of capro- 
tyle, or sulphocaprotylio acid, which, with potash, forms a salt 
crystallising in scales. In all these points caproic alcohol corres- 
ponds to its homologucs, methylie, ethylio, propylio, butyl io and 
amylio alcohols. 

Cyanide of caprotyle . This compound has been little studied, 
but is the samo with cenanthouitryle, Oi* Hia N, which will, in all 
probability, be formed when omanthylamide is heated with anhy- 
drous phosphoric acid. Like the nitryles already mentioned, 
oenanthonitryle is a cyanide, and its true formula will be, Cia Ilia , 
Ca N. 

Caprotylamine , Cia His N = N Ha Cpt. vSyn. Ilexylamine . 
This base, homologous with methylamine, &c., has not been much 
studied, but will no doubt soon be formed from the alcohol. It 
seems to occur in the oil obtained by distilling bones, in which 
methylamine, ethylamine, butylamine, and probably amylamine, 
are also present. It is similar to amylamino, but less volatile. 

Caproyle , Cia Hn=: Cp. This radical, homologous with formylo, 
&c., is not known in a separate form ; but we arc acquainted with 
its hydrated oxide, or aldehyde, and with its teroxide, or caproio 
acid. 

Hydrated oxide of caproyle, Cia Hia Oa == Cia Hu 0, H 0. Svn. 
Caproic aldehyde . Caproal, This aldehyde is among the products 
of the distillation of caproato of baryta. It has the characters of 
an aldehyde, but has not yet been fully studied. 

A?ihy drous caproic acid % C 12 Hu Os . This anhydride is obtained 
when oxychloride of phosphorus acts on the caproate of baryta, 
exactly as in the case of anhydrous acetic or butyric acids. It is 
an oil lighter than water, of a disagreeable odour, which is con- 
verted into the hydrated acid by contact with water. It is 
perfectly neutral, as are the anhydrides in general. 

Hydrated caproic acid y Cia Ilia 0* = Cia Hu Oa , HO. This 
acid occurs, combined with oxide of lipylo in oow’s and goat’s 
butter and goat’s fat, whence its name, and in cocoa-nut oil ; it 
is also found among the products of the oxidation of albuminous 
matter, and of fat oils, especially of oleic acid. (Enanthole, or 
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oonanthal, Cn.Hn.Oa, when oxidised, yields this acid among 
other products. But it is best obtained from the cyanide of 
amyle or capronitryle, Cia Hu N, by boiling it with an alcoholic 
solution of potash. The caproato of potash is distilled with sul- 
phuric acid, and yields caproic acid. 

It is very inflammable ; its Sp. 0. is 0*931 at 60° ; it is not 
congealed by a cold of 16° F. The pure acid fumes in tho air, 
and boils at about 390° F. It is very sparingly soluble in water. 
Its taste is acid and pungent, with a sweetish after taste, and it 
has a strong acid smell, resembling that of vinegar mixed with 
that of rancid butter and that of sweat. There is no doubt that 
it is formed in tho animal body, for not only does it occur in 
butter, and, as the smell indicates, in the cutaneous transpiration, 
but it has been detected in some urinary calculi in man. It has 
also been found in Limburg cheese, which is half putrescent, and 
is probably one of the products of putrefaction generally. 

Its salts have more of a soapy character than those of butyric or 
valerianic acid, and have the rancid smell of the acid. The 
caproate of glycerine or of lipine, or, as it is called, caproine, 
which is one of the odorous constituents of butter, has a smell 
which when diluted with air is pleasant, but it is easily decom- 
posed, especially in contact with albuminous matters, and the 
acid, with others analogous to it, being set free, contributes to 
give the rancid devour to stale butter. 

The caproate of mcthyle has an odour approaching that of the 
acid, hut the caproate of oxide of ethyle is a very fragrant ether, 
having the odour of melon or pine-apple in a high degree. The 
caproate of oxide of amyle has a less pleasant odour, and boils at 
about 412°. 

Caprone , Cn Iln 0, or rather C 22 Haa Oa , is obtained by heat- 
ing caproic acid with baryta. It resembles valerene, but is less 
volatile. It is accompanied by a portion of the compound C 12 Hia 
O 2 , which is capraldehyde or capral. 

Caprone, acted on by nitrie acid, yields a nitro-acid, namely, 

nitrovalcrianic acid , C 10 jJ S q 4 j Os , II 0. 

Caproate of ammonia, and caproylamide, heated with anhy- 
drous phosphoric acid, will probably yield capromtryte, Cia II 11 
N, already mentioned as cyanide of amyle, and the best source 
of caproic acid. But it is best obtained by heating sulphamylate 
of potash with cyanide of potassium. In this process, some 
cyanate of oxide of amyle is also formed, so that when the mixed 
product is heated with potash, amylaroine is expelled, and 
caproate of potash remains behind. This is the best method of 
obtaining amylamine. 
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Radicals with Ci* . 

Heptyle. (Enanthyle. 

. There can be no doubt of the existence of a radical Ci* Ilia, 
analogous to, and homologous with, methyle, &o., and which, 
being the seventh in the series, may bo called heptyle. But 
neither the radical, nor any of its compounds, aro yet known 
with certainty, although some chemists have described what they 
supposed to be the hydrated oxide, or cenanthylio alcohol. It 
appears, however, that this was really the next or caprylio 
(octylic) alcohol. It is possible that the cenanthylio alcohol may 
occur, with the butylic, amylic, and caproic alcohols, or the less 
volatile part of the liquid obtained from the fermentation of tho 
marc or expressed residue of the grape. There is some liquid 
present, loss volatile than caproic alcohol, but it has not been 
obtained in sufficient quantity to purify it. We may expect 
some day to find the means of causing sugar to ferment so as to 
yield this alcohol as the chief product. 

Of the derived or negative radical, ocnanthyle, Ci* His, homo- 
logous with formyle, &c., we know the hydrated oxide or alde- 
hyde, and the hydrated teroxide or umananthylic acid. 

Hydrated oxide of c enanthyle , Cu H13 0 , H 0 = Ci* H14 Oa. 
Syn. (Enanthole . ( Enanthal . This compound, the aldehyde of 
cenanthylio acid, is obtained by the distillation of castor oil. It 
is an oily liquid, of a somewhat aromatic smell. When oxidised, 
it yields cenanthylio and caproic acids, perhaps also valerianic, 
butyric, propylic, acetic, and formic acids. (Enanthole may 
possibly be Cas Has 0a= Cu His 0, Ci* H*3 Os. 

When fused with potash, it yields cenanthylate of potash and 
hydrogen. With the alkaline bisulphites it forms crystalline 
compounds, which is a character of the aldehydes. It also forms 
a crystalline compound with ammonia, and reduces the salts of 
silver, producing a mirror-like deposit of tho metal. 

When agitated with nitric acid at 32°, it is converted, if the 
mixture be left in the cold, into a beautiful crystalline solid, 
isomeric or polymeric with oenanthal, called metoennnthal. 

(Enanthal is best obtained by acting on the liquid formed by 
distilling castor oil with bisulphite of soda. A mass of crystals 
is formed. These are purified by means of alcohol, and decom- 
posed by diluted sulphuric acid, when the oenanthal separates. 
Its density is 0*8271 at 64° F., and that of its gas is 4*178. It 
boils at 312° to 317°. It is oxidised by the contact of air into 
cenanthylio acid. 

Anhydrous cenanthylio acid , Cu His Os. Formed by the 
action of oxychloride of phosphorus on cenanthylate of potash. 
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A limpid, neutral oil, of Sp. 0. 0*92 at 51°. It has a rancid 
smell, probably from being converted into the hydrated acid by 
the moisture of the air. 

t Efianthylic acid . Cm Ilia Os , H 0, is obtained by the oxida- 
tion of oenanthal, and also by that of oleio acid and of albumi- 
nous matter, and oils in general by means of nitrio acid. It may 
easily be got by distilling castor oil with nitrio acid, when it distils 
over. It is an oily acid, less volatile than caproic acid, boiling 
at 298°, and its salts are fatty in aspect. It has an aromatic 
smell with some rancidity, and a burning taste. The cenanthates 
of oxides of ethyle and methyle are fragrant ethereal compounds. 
None of its other compounds and derivatives have yet been much 
examined. It is remarkable that butter, which contains the 
acids with 12, 16, and 20 eqs. of carbon, never contains the 
intermediate acids with 14, and 18 eqs. of carbon, so that cenan- 
thylic acid is not found in butter. 

C Enanthylamidc , Cu Hio N Oa = N Ha , Cm His Oa , is formed 
when ammonia acts on anhydrous oenanthylio acid, or on 
omanthylic ether. It crystallises in scales. If heated with dry 
phosphoric acid, it will probably yield cenanthylonitryle, that is, 
cyanide of caprotyle, Cm Ilia N =Cia Ilia, Ca N. 

The base, corresponding to mcthylamine, which might be 
called heptylamine, is not yet known, but there can be no doubt 
as to its existence. Its formula will be, of course, Cm H17 N = 
N lit , Cm Ilia. 

(Enanthylic ether, or cenauthylate of oxide of ethyle, Cis 
His 0* = Ca Ha 0, Cm His Oa , is a fragrant ether, having a 
sweetish taste, but leaving on the palate a disagreeable impres- 
sion. 

Radicals with Cm . 

Octyle. Capryle. 

There are under this head two radicals, which may bo called 
octyle, Cm Ili7, and oapryle, Cm IIu, corresponding to methylo 
Ca Ha and formyle Ca H. 

Octyle, Cm II 17 = Oct, is not known in the separate form, but 
will probably be formed in the action of the galvanic current on 
pelargonate of potash or on caprate of potash. 

The oxide of octyle, Cm H17 0, has not been described, but 
exists combined with sulphuric acid, as we shall see. 

Hydrated oxide of octyle , Cm H17 0, H 0. Syn. Octylic or 
caprylic alcohol . This compound is obtained, according to Bouis, 
by distilling rioinoleio # acid with caustic potash, or by distilling 
castor oil with the same base. It is purified by rectification. It 
is a odourless oily liquid, staining paper like volatile oils. 
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inaolttblwijfc watev Soluble in alcohol and ether. It has a pleasant 
afotnatio smell. Its Sp„ <L is 0’$23 at 66* It boils at 356°. 

With* sulphuric acid it forms the sulphoctylic acid, or acid 
sulphate of octyle, homologous with sulphovinic acid. The 
formula of this acid is Cia H17 0 , H O, 2 S 63 , and with bases it 
foyms salts of the formula Cio Hi 7 0, M 0, 2 S Os. 

Heated with excess pf sulphuric acid, octylio alcohol yields 
the carbohydrogen, octylene, Cm Ilm, homologous with olefiant 
gas, which is also found in the naphtha of coal tar, and in native 
naphtha. 

With nitric acid, this alcohol is oxidised, yielding pimelic, 
lipic, succinic and butyric acids, with other products. 

Chloride of octyle is formed when dry hydrochloric acid acts 
on octylio alcohol. It is a very fragrant ether. Formula Cm 
H 17 CI. 

Bromine also forms, with the alcohol, the bromide, and 
iodine the iodide of octyle, when phosphorus is added, as in 
preparing the iodido or bromide of ethyle. They resemble the 
chloride. 

It appears from the latest experiments of Bouis, that chloride 
of octyle (which he calls chloride of capryle, unfortunately, since 
the name capryle belongs to the radical of oaprylic acid) when 
acted on by sodium, yields either the radical octyle, Cm I In, or 
caprylene, C10 Hie, which is the hyduret of capryle, Cm Mm, II ; 
according to the temperature employed. 

Octylamine . The base octylamine (erroneously caprylamine) 
will undoubtedly he formed, if sul phocapry late of potash bo 
distilled with cyanato of potash, and the product distilled with 
caustic potash. Its formula is Cm II10 N = N 11 a, Cm II17, and 
it most probably exists in the distilled oil of bones, along with 
the other bases of the same series. 

But Bouis has obtained this base by Uofmann’s process of 
heating iodido of octyle with an alcoholic solution of ammo- 
nia in a tube hermetically scaled. There is formed a crystalline 
iodide of oetylium, N Ha, Cm Hw, II -f I, (or liydriodate of 
octylamine) which, decomposed by potash, yields the new base, 
as a liquid, lighter than water, colourless, limpid, with an 
ammoniaeal odour, recalling that of mushrooms. It boils between 
341° and 347° F, It forms salts with acids, and is a strong 
base. 

When iodido of ethyle acts on octylamine, there is formed the 
hydriodate of a new base, ethyloctylamine, Cm His (C* Ha) N, 
H I. In this base, one of the two remaining atoms of the 
hydrogen of ammonia, the third having been replaced by octyle, 
is replaced by ethyle, so that its rational formula is N H, Ae, 
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Oct, and it is* an imide base, analogous to ethyloraetbylamine, 
NH, MeAe. 

Capryle , Cio Hia. Of tbis, the derived negative radical, we 
know the hydrated oxide, the acid, and the hyduret. 

Hydrated Oxide of Capryle , Ci« His 0, H 0. Stn. Caprylic 
Aldehyde . Caprylal. This compound is little known, but is 
contained in the product of the action of heat on eaprylate of 
baryta. 

Anhydrous Caprylic Acid , (he His Os, is formed when oxy- 
chloride of phosphorus acts on eaprylate of baryta. It is a 
limpid mobilo oil, feeling fatty to the touch, of an offensive nau- 
seous smell, especially when it is converted by the moisture of 
the air into the hydrated acid. It boils at 536° F. 

Hydrated Caprylic Acid, Cio Hio Os , H 0 = Cio Hio 0* . This 
acid occurs combined with oxide of lipyle, in butter, the 
flavour of which depends in part on this compound. It is also 
obtained from the oil of coco, and is among the volatile products 
of tho oxidation of many organic substances, especially oils, by 
nitric acid and other oxidising agents. It is an oily liquid, 
having a rancid odour of sweat, which is especially strong when 
it is warmed. It congeals at 50 J , and the crystals do not melt 
till near 60°. 

Its salts havo a good deal of the character of soaps, and are 
insolnblo in water, with the exception of those of tho alkalies 
and alkaline earths. 

Caprylate of baryta, when heated, yields caprylone, homologous 
with acetone, the formula of which is Cso Hso 0* . At the same 
time, caprylal, or tho caprylio aldehyde, seems to be formed. 


Radicals with Cia . 

Nonyle. Felargyle, 

There can be no doubt of tho existence of two series of com- 
pounds with 18 eqs. of carbon, one corresponding to the deriva- 
tions of ethyle, and in which wo should suppose the radical Cis 
Ilia , or nonyle ; the other corresponding to those of acetyle, in 
which the radical is supposed to be Cts H u , or pelargyle. As yet, 
no compounds of tho nonylio series arc known, although we may 
expoct nonylio alcohol soon to be discovered. Of the pelargylio 
series we know the hyduret and the acid. 

Anhydrous Pelargonic Acid , Cis II 17 Os. Formed when oxy- 
chloride of phosphorus acts on pelargonate of baryta. It is an 
oil, lighter than water, of a rancid smell, which becomes aromatic 
when the acid is placed in boiling water. At 32° it congeals. 

T 
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Hydrated Pelargonic Acid , Ci» Hit Os, HO. This acid was 
flitot observed in the volatile oil of Pelargonium roseum , but may 
be obtained more easily by aoting on the oil of rue, lluta graveokns , 
with its volume of nitric acid, such as is made by mixing equal 
volumos of strong acid and water. It is also found among the 
volatile products of the oxidation of oils and fats by nitric acid. 
It i's a odourless acid oil* of an odour resembling that of butyrio 
acid, easily solidified by cold, sparingly soluble in water, vei’y 
soluble in alcohol and ether, Perchlorido of phosphorus attacks 
it violently, and converts it iuto oxychloride of pelargylo, 

Cl3 III, J. 

It is supposed by some that the cenanthic acid of Liebig and 
Pelouze, which is not identical with the omanthylie acid obtained 
from castor oil, is pelargonio acid. In that case the ocnanthio 
ether of wine would bo pelargonic ether. 

The salts of this acid resemble those of the analogous acids. 
That of baryta is less soluble than the valerate and ounonthyl&te, 
hut more soluble than the rutate (caprate, Spe below). 

The pelargonate of ethyle is formed when hydrochloric acid 
gas is passed through a solution of pelargonic acid in alcohol. It 
is a colourless oil, boiling at about 240*. It has a peculiar, stupi- 
fying, vinous odour, and seems to bo in some instances the 
oananthio ether of wine, which, in other wines, appears to be 
cenanthic, or perhaps omanthylie ether. No doubt pelargonic 
and conanthylic ethers are very similar in properties, being con- 
tiguous members of a homologous series. 

Pelargonio aoid forms with deutoxide of nitrogen, a new 
acid, Ci8 Hi 7 Oa, 2 N Oa, HO, which is au oily liquid, of an 
odour quite different from that of pelargonic acid. It forms salts 
with bases, which crystallise. 

Oxychloride of pelargyle, already noticed, is an oily liquid, 
heavier than water, of a suffocating odour if fuming in the air. 
^ fth alcohol it forms pelargonate of ethyle. 

Pelargone , Ca* II 34 Oa , analogous to acetone, is formed when 
pelargonate of baryta is heated, 

Hyduret of Pelargyle , Ci& His = Cia H17 II. Syn. Nonylcne , is 
obtained by the distillation of hydroleic or metoleio acidB. It is a 
colourless oil, insoluble in water, soluble in alcohol and ether. It 
has a penetrating odour, and boils at 240°. The density of its 
gas is 4*488. It is homologous with the hyduret of ethyle or 
olefiant gas, and, like it, is acted on by chlorine, forming tho 
compound, Cis Hu Cl, HC1, homologous with the oil of olefiant 
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Radicals with Cao . 

Capryle, or Rutyle. 

Hero also two series of compounds undoubtedly exist, corre- 
sponding to the ethylic and acetylic series; but as yet no com- 
pounds of tlie former, which may be called the decatylic series, 
are known. Of the latter, the aldehyde and the acid are well 
known. 

Hydrated Oxide of Rutyle (capryle), C 20 IT 10 0, II 0= C 20 H 20 
0* . This aldehyde is found as the principal constituent of the 
volatile oil of rue, ltuta graveolens . It is purified by rectification, 
and is then an oily liquid of a strong disagreeable odour, boiling 
at 44/} ' F. The density of its gas is 5*83. Like the other 
aldehydes, it forms crystalline compounds with ammonia and 
with the bisulphites of the alkalies, and reduces the ammoniacal 
nitrate of silver, yielding a mirror-like deposit of silver. By 
nitric acid it is oxidised into the corresponding acid. 

Like other aldehydes, rutylie aldehyde presents isomeric or poly- 
meric modifications. When the purified oil of rue is dissolved in 
thrice its volume of alcohol, and saturated with hydrochloric acid 
gas, a brown, fuming mass is obtained. After distilling off the moro 
volatile parts, water is added to the residue, which separates an 
oil, having a fragrant odour quite different from that of the 
rutylie aldehyde. On standing, it solidifies fit a temperature at 
which the oil of rue is still quite liquid, and the crystals melt at 
66°, This substance has exactly the same composition in 100 
parts as rutylio aldehyde or purified oil of rue. 

The stoaroptene, or solid essence of mint, has also the same 
composition, but different properties. 

Hydrated Rutylie Acid (oaprio acid), C 20 lliu Oa , H 0 = Cao 
II 20 0*. This acid was first found by Olievreul in small quantity 
in butter, and especially in the butter and fat of the goat, along 
with cuproic, caprylic, and butyric acids. Hence it was named 
capric acid, from caper a goat. But as both eaproic and caprylio 
acids are thus named, it is better, to avoid confusion, to call this 
one rutylie acid, and its radical rutyle, and the more so, as the 
acid is best obtained by oxidising the oil of rue or rutylio alde- 
hyde. In butter, and those fats where it occurs, it is combined 
with oxide of glyceryle or lipyle, forming, liko the other oily and 
fat acids, a neutral oil, rutylino or rutylate of glycerino (lipine), 
which is one of the substances giving to the fat of the goat its 
peculiar strong odour. 

Tho rutylio acid is also found in the oil of grain, along with 
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and butylic (probably also propylic) alcohols and manraric 
•rfa* Jt ia one of the volatile products of the oxidation of oils, 
especially oily acids by nitric acid ; and it occurs in the oil or iat 
of oooo* in the same form as in butter and goats’ fat. 

It is a crystalline solid at the ordinary temperature, being the 
first of the formylic series of acids which is so, though pelargonic 
acid is easily frozen. It melts at about 85 is insolublo in cold 
water, soluble in alcohol and ether. Boiling water dissolves a 
little, and deposits it on cooling in crystals. 

The rutylates have a soapy character, and many of them arc 
insoluble in water. 

Rut y late of ethyle , C* H-i 0, C 20 H 19 O 3 = Ca*HnO*. Syn. 
Rutylic j Ether. Capric Ether . This is formed when hydrochloric 
acid gas is passed through an alcoholic solution of the acid. It 
is an oily volatile liquid, of a very agreeable odour of fruits. Tt^ 
density is 0*862. By ammonia in excels it is com erted into 
Rutylaraide, NHa , Cis TIiv O* = Cis H«i NOj . It is a crystalline 
substance. Probably, if heated with anhydrous phosphoric acid 
it will yield Kutylonitryle, that is, cyanide of nonvle, (‘20 Hiw N 
ss Cis Hid , C2 N. 

Rutylic acid is interesting, as the first truly fatty acid of the 
series (Cn Hn )2 CU. Yet, although solid at ordinary tempera- 
tures, it is perfectly analogous to the acids of this series hitherto 
described. In these, from formic to capric acid, the boiling 
point has steadily risen as we rose in the scale, while the 
melting point has also risen in the same way. The oily character 
first appears in propylic acid, Ca, and the acids with Cs to 
C 10 are more and more oily as we go on. Pelargonic acid, 
Cis , although a liquid, is easily congealed by a moderate degree 
of oold, and capric acid requires a heat of 80° to melt it. All 
the acids above Cao are likewise fatty acids, and their melting 
point rises with the amount of carbon. It is said that, in this 
series, the boiling point rises 19° C, or 66*5° F, for each addition 
of Ca Ha, but wo do not yet know exactly how many degrees the 
melting point rises at each Btep. This uncertainty depends, 
perhaps, on the existence of isomeric acids, with different melting 
points : but, however this may be, the melting point rises as we 
rise in the scale. 

Of the members of the two series of radioals, containing more 
than 20 eqs. of carbon, we know only tho acids of the series 
(Ca Ha )a -f* 0* , save in a few instances in whioli one or two other 
qpmpounds, belonging to the sen os of the alcohols and ethers, 
are also known. We shall, therefore, merely give a brief cata- 
logue of the remaining acids, adding, in those cases, what is 
known of the other compounds. 
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C 2 *i . Mar g antic Acid , C 22 Hai O3 , II 0 = C 22 Has 0* . This 
is a orystalline fatty acid, less fusible than the last. It is ob- 
tained from castor oil, in which it is combined with oxide of 
glyeeryle or lipyle, by saponification. Its alkaline salts are true 
soaps. It is now considered doubtful whether this acid hare the 
composition here given. 

Cai . Laurostearic Acid , Ca * Has Os, H 0 = Cat Ha* 0* . A 
orystalline fatty acid, obtained by saponification from the fat of 
the berries of Laurus nobilis. Forms soaps with the alkalies, 
and a fragrant ether with oxide of ethyle. 

C ao . Cocinic Acid , Cao H25 O3 , H 0 = C 2 G II 20 0* . Like the 
preceding, but less fusible. It is found in the fat of the cocoa 
nut, combined with oxide of glyeeryle. Cocinate of oxide of 
ethyle is a liquid, with a very strong fragrance of apples. 

C as . Myristic Acid , Caa II 27 Os , II 0 = Css Has O* . A crys- 
talline fatty acid, found in the fat of tho seeds of Myristica 
moschata, or nutmeg. It melts at 118°. Its compound with 
oxide of lipyle is tho chief ingredient of tho fat of nutmeg. The 
myristate of oxide of ethyle is an oily liquid. 

Cw. Benic Acid } C 30 Hse Os, II 0 = C 30 H30 0*. Found by 
Walter in a certain variety of oil of Ben or Behen. It resembles 
the preceding, but melts at 125°. The samo acid is said to exist, 
in small quantity, in spermaceti: and the acid of tho oil of 
Stilling in sebi/era , or stillistearic acid, appears to have the same 
formula. 


Radicals with C32 . 

Cetyle C.32 II33, and Palmityle Ca* H»i . 

These radicals both form a good many compounds, some of 
which arc very abundant in nature. 

Cetyle , 0 3 a Mss = Ct, has not been described in the separate 
state, but will certainly prove to be a solid, crystalline, fusible, 
and volatile, being homologous with ethyle, amyle, &c. 

Oxide of Cetyle , Csa H33 0, homologous with oxide of ethyle, 
is obtained when iodide of cetyle is acted on by tho oxide of 

cetyle and sodium, ^ ^ 3S | q + Has I ^ Nal + 2 Csa Hss 0. 

It forms brilliant scales, insoluble in water, soluble in alcohol 
and ether, melting at 131°, boiling at 572°. 

Hydrated Oxide of Cetyle , Csa Hss 0, II 0, Syn. Cetylic 
Alcohol . Ethal . This alcohol is obtained from cetine or purified 
spermaceti, whioh is composed of palmitic acid (see below) and 
oxide of cetylo. The cotine is saponified by boiling with an 
alcoholic solution of potash, when palmitate of potash and 
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hydrated oxide of cetylo are formed. The palmitic acid is 
precipitated by means of chloride of barium, as pal nutate of 
baryta; the precipitate, to which the new alcohol adheres, is aoted 
on by alcohol which dissolves the otlial. It is puriiied by solution 
in ether, 

Ethal, or cetylic alcohol, is a white waxy solid, which crystal- 
lises from its solution in alcohol or ether in shining scales. It melts 
at 112°, and may be distilled unchanged. It even passes over 
with the vapour of water. It is tasteless and inodorous, insoluble 
in water, soluble in alcohol and ether. It is in all respects 
homologous with alcohol, forming, with sulphuric acid, an acid 
sulphate, sulphocetylio acid ; and the salts of this acid correspond 
to the sulphovi nates. 

Chloride of Cetyk, C.na II33 Cl, is formed by the action of per- 
chloride of phosphorus on cetylic alcohol. It is an oily liquid, 
lighter than water. 

Bromide of Cetyle , formed by the action of bromine and phos- 
phorus on cetylic alcohol, is a fusible solid. Formula Csa ll;w Hr. 

Iodide of Cetyle , C» a I, formed in the same way as the 
bromide, is also a crystalliaable, fusible solid. With dry am- 
monia it yields tricetyl amine. 

Oxide of Cetyle and Sodium , jjj” ^ 33 j q is formed when so- 
dium acts on cetylic alcohol. It is a solid body, melting at 
230°. 


C3a Has \ 

Tricetylamine , N, Caa II33 [ or N Cta , homologous with am- 
Caa Haa ) 


H 

monia, N H 
H 


or N Ha , is obtained by the action of dry ammonia 


on fused iodide of cetyle. It dissolves in hot alcohol, and on 
cooling crystallises in acicular crystals, fusible at 103°. It is a 
base, though not a powerful one, and some of its salts crystal- 
lise. Its empirical formula is Coo IIoo N, and, notwithstanding 
the prodigious difference between this and the formula of ammonia, 
N Ha, it yet possesses all the essential characters of a baso 
homologous with ammonia, being volatile, though solid at 
ordinary temperatures, and apt to be partially destroj r cd by the 
heat required to distil it; it combines with bases, forming salts, 
and yields a double salt with chloride of platinum, corresponding 
to that formed by ammonia. All this is explained by the rational 
formula, N Cts, for this is the type of ammonia, N Ha, and 
tricetylamine is exactly parallel to trimethylamine, N Me 3 , Tho 
bases with only 1 and 2 eqs. of cetyle are not yet known, but 
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will certainly be more analogous to ammonia than this one, just 
as mefchylamiue, N jj* j is liker to ammonia than dimetliylamino 

XT \ 

N | or trimethylamine, N Mes ; so like indeed, as not to be 
easily distinguished from it. The formula) of these bases will be, 
Caj Has N = N | and Css Hs7 N= N }J u | . 

Sulphuret of Cetyle , C 32 H 33 S, is formed when an alcoholic 
solution of protosulphuret of potassium acts on chloride of cetyle. 
It is a crystalline solid, fusible at 137 ' F, very soluble in ether. 

Sulphhydrate of Cetyle , Csa II 33 S, II 8. 8yn. Cetylic Mer- 
captan is formed as the sulphuret, using sulphhydrate of potas- 
sium, K 8, II S, and chloride of cetyle. It is a crystalline solid, 
melting at 113\ Its alcoholic solution causes, after a time, 
precipitates in solutions of silver and mercury. 

Palmityle y C 32 Ii:u = PI, is not yet known in the uncombined 
state. 

Hydrated Oxide of Palmilyle , Caa Hsi 0, H 0 = (Sa H32 O2 . 
SyN. Palmitic aldehyde . Cetylic aldehyde. It is obtained by 
oxidising cetylic alcohol, as aldehyde is from alcohol. It is a 
solid, melting at 2 Hr h\ It is but little known as yet. 

Hydrated Palmitic Acid , Caa llai O 3 , II 0 = CaaHaa 0*. Syn. 
Cetylic Acid. IUhalic Acid. This acid is very abundant in 
nature. Combined with glycerine, in the form of a neutral fat, 
called palmitine, it is the chief ingredient in palm oil. Com- 
bined with oxide of cetyle, it forms cetine, the principal consti- 
tuent of spermaocti. In bees’ wax it occurs, combined with 
oxide of myrieylo (see below), as myricine, that part of purified 
wax which boiling alcohol does not dissolve. It is found also 
in butter and iu human fat as palmitine, mixed however with 
other neutral fats. 

It may be formed artificially by heating with caustic potash 
either cetylic alcohol or oleio acid (sec below). 

In palm oil, when long kept, the palmitine is more or less 
decomposed, the palmitic acid and the glycerine being both set 
free, it is best obtained by saponifying palm oil with caustic 
soda, and decomposing the soap with hydrochloric or tartaric 
acid. Tho fatty acid mass which separates, is dissolved in hot 
alcohol, which, on cooling, deposits crystals of palmitic acid, the 
oleic acid of the palin oil remaining dissolved. By proasing the 
crystals in bibulous paper, and repeating the process of crystalty- 
sation with fresh alcohol, the acid is obtained pure ; which is 
known by its melting at 143*5° F. The melted acid, in cooling, 
forms a mass of crystalline scales. It is insoluble in water, very 
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soluble in aloohol and ether. When cautiously heated, it may 
be volatilised without residuo and unchanged. 

The palmitates of the alkalies aro regular soaps. The other 
palmitates are insoluble. The characters of a fatty acid, and 
those of soaps in its salts with potash and soda, are perfectly 
seen in palmitio acid ; and yet it is perfectly homologous with 
acetic acid, in which none of these characters appear. It is acid, 
volatile, and in aU its chemical relations runs parallel with 
acetic acid. The general formula of the palmitates is Ca» H 31 
Os , M 0. 

Palmitate of ethyle, or palmitio ether, is a solid, fusible at 70 ^ 
F. and the palmitate of amyle is similar. 

Palmitate of Cetyle is cetinc, the pure solid crystalline mass of 
spermaceti. It forms beautiful silvery scales, fusible at 112 °, 
and at 684° it volatilises unchanged. Its formula is Caa II33 0, 
C 32 H 31 O 3 = Co* Ho* 0* s Ct O, PI 0 3 . 

It was for some time supposed, that the palmitic acid of 
spermaceti differed from that of palm oil. But it has been 
proved, not only that these two are identical, but that the same 
acid occurs in human fat, butter, wax, and other fatty bodies, 
so that it is one of the most important fatty acids. 

Palmitate of Myricyle , Coo Hoi 0, C %2 Uai O3 ~ C 92 Hoa 0* , is 
the part of wax insoluble in hot alcohol. It molts at 162° when 
quite pure. 

Hyduret of Palmityle , C 32 Hn, II = C 32 H 32 . Svn. Cety- 
lenr, Cetene, Palmitene . Is homologous with olefiant gas, 
and is obtained by heating cetyl ic alcohol with anhydrous phos- 
phoric acid. It is an oily liquid, boiling at 527° F. The density 
of its gas is 8*007. It is insoluble in water, soluble in alcohol, 
ether, &c., and burns with a pure white flame. It is formed 
also when cetine is distilled. 

From the heavy or sweet oil of wine when acted on by water, 
there separates a liquid, the light oil of wino, whioh seems to bo 
palmitine, boiling at the same poiut. In the cold it yields 
crystals of the same composition. 

Palmitone y C«* Hea 0*, is homologous with acetone. It is 
formed when palmitio acid is heated witli cxcoss of lime. It is 
a crystalline solid, easily fusible. 

Badicals with (m . 

Of this series, we know only compounds of the negative radical 
C 3* Hss , those of the positive radical Ca* Hs& boing as yot undis- 
covered. 

Mar yaric Acid, Cs* H 33 Os, HO = Ch HstO*. This acid 
is one of the most abundant and important of the fatty aoids. 
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Combined with glycerine, as margarine , it occurs in many fats, ini 
human fat, goose fat, butter, and some other animal fats, and in 
vegetable fats, such as olive oil. The acid may be extracted 
from soap made of these fats, but as it is mixed with much oleic 
acid, it is hotter to prepare it by distilling either tallow or crude 
stearic acid. In the latter case, the product is well squeezed and 
purified by solution in alcohol, and crystallisation. If prepared 
from pure stearic acid by nitric acid, it is pure from the first. It 
belongs to the series (Cu Hu) -f O*, and it is probably in conse- 
quence of its composition, that, like tho other acids of that series, 
it is volatile without decomposition. 

Margaric acid is a white solid fat, of distinct acid properties, 
fusible at 140", very soluble in hot alcohol and in ether. It 
instantly combines with bases, decomposing the carbonates and 
forming perfect soaps with potash and soda. The neutral mar- 
gar ates of potash and soda are decomposed by the addition of 
much water, depositing the acid margarates in pearly scales. 
Margarate of glycerine , or margarine , is found pure in the solid 
part of human fat or of olive oil. It dissolves in hot alcohol 
aud crystallises on cooling. Margarate of oxide of ethyle is a whito 
fusible solid. 

The general formula of the neutral margarates is Cs* H 33 
Oa, MO. 

Most chemists adopt the formula hero given for margaric 
acid, but Ileintz contends that margaric acid is not a single acid, 
but a mixture, or rather a compound of palmitic acid (Cm ) with 
stearic acid (Cm ). He states, that if margario acid, melting at 
140 ', bo subjected to further purification, it yields palmitic acid, 
which melts at 144°. It is certainly remarkable that the melting 
point of margaric acid (Ca* ), should be lower than that of palmitio 
acid (Csa ) ; and it is a very frequent occurrence that a mixture or 
compound of two similar substances differing in fusibility, such as 
two metals, or two fats, is more fusible than either. Ileintz also 
states that, by mixing 9 or 10 parts of palmitio acid with 1 part 
of stearic acid, an acid is obtained having tho melting point and 
crystalline form of margaric acid. 

On the other hand Chevreul, who first described margaric and 
stearic acids, is distinguished for his extreme accuracy, and 
certainly did not neglect the purification of his margaric acid ; 
yet he oould not obtain it, although he endeavoured to do so, with 
a higher melting point than 140°. Many other chemists have 
oonfirmed his results, aud the numerous analyses of margaric acid 
and its salts agree well with the formula Cm Hs* 0* . No doubt 
a mixture of I eq. of palmitio acid with 1 eq. of stearic acid would 
have the same composition, for Csa Haa 0* 4- Cae Ilao 0* = Cos 
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H«a Os == 2 (Cw Ha* 0 *). But Heintz found it necessary to use 
9 or 10 parts of palmitic to 1 of stearic acid, which must yield, ou 
analysis, a result hardly differing from that obtained with palmitic 
acid. 

The probability is, that both facts aro true, and that thero 
exists an acid with the formula C34 H34 0 * , homologous with 
acetic, butyric, and palmitio acids, and the others of the series ; 
this is margaric acid, which Chevreul and others have examined. 

But as two contiguous members of a homologous series are 
always very similar, margario acid must, and indeed does, very 
closely resemble palmitic acid on the one side, and stearic acid on 
the other. And nothing is more likely than the occurrence of a 
mixture of palmitic and stearic acids, both of them, as veil as 
margaric acid, being abundant and widely diffused. Such a 
mixture must still more closely resemble margaric* acid ; and such 
a mixture has probably been examined by Heintz. It is even 
probable that the same kind of fat may at one time yield mar- 
gario acid and at another the stearic palmitic acid of Heintz. For 
we know that in butter, at one time wo obtain both butyric and 
oaproio acids, at another time neithor of these, but a new acid in- 
termediate between them, which is made up of 1 eq. of each, 
Cs Ha 0 * 4 - Cl* H12 0 * =S C20 H*0 0 » = 2 (Cw II 10 <>*). This 
acid, which Lerch calls vaccinic acid, forms salts different from 
those Of butyric and caproic acids, but, when healed, it is resolved 
into these two acids. Yet this does not interfere with the 
existence of an acid of the formula C10 H10 0 * , for that is tho for- 
mula of valerianic acid, which is quite distinct from butyric, 
vaccinic or oaproio acids. 

In like manner, stcaropalmitic acid may exist, and will bo 
analogous to vaccinic acid, and very similar to margaiic acid, 
while margario acid also exists and corresponds to valerianic acid, 
stearic acid corresponding to tho caproio acid of the above illus- 
tration. 

Mar gar amide, C34 Has NOa z N H* C.n Ha* 0 * , is formed 
when dry ammoniacal gas acts on fats or oils containing margarine. 
It is a white crystalline solid, which is fusible, soluble in 
alcohol or ether, and decomposed by boiling with alkalies, yielding 
ammonia and margaric acid. 

Margarone . — This is a solid whito crystalline body, formed 
when margaric aoid is heated with excess of lime. 

Margarine . — This is a compound of margario acid with oxide 
of glyo^yU, which is very abundant in nature, and is indeed the 
form in which the acid ohiefiy oocurs. It is a neutral fat, and 
with alkalies, yields a soap of the alkali, or margarate, and glyce- 
rine or hydrated oxide of glyceryle. Its precise composition is 
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not certainly known, but we shall return to it under the head of 
neutral fats and oils which are oompounds of glycerine with fatty 
or oily aqds. 


Radicals with Cart . 

Here also no compounds of the positive radical Css H 37 are 
known ; but the acid of the negative radical C 3 « H35 is the well- 
known stearic acid. 

Hydrated Stearic Acid , Css H 35 O3, HO? This is, perhaps, the 
most important and most abundant of the fatty acids. It exists, in 
combination with glycerine, as stearine, in beef and mutton fat, 
and in several vegetable fats, such as the butter of cacao. To 
obtain it, mutton suet is saponified by boiling with potash, and the 
purified soap decomposed by an acid, when a mixture of steario 
and oleie acids, the latter in small proportion, rises to the surface. 
It is strongly pressed between warm plates, so as to get rid of the 
oleic acid in great part, and it is finally purified by solution in hot 
alcohol, and crystallisation, repeated till its melting point is con- 
stant at 167°. Or the stearic acid of commerce, whioh is nearly 
pure, may be purified by means of alcohol. Or again, tallow 
may be mixed with half its weight of oil of vitriol, and the 
mass melted in hot water, which removes a compound of sul- 
phuric acid with glycerine, while the steario acid rises to the 
surface and is to bo purified as above. Finally, pure stearine, 
if saponified, and the soap acted on by an acid, yields at once pure 
steario acid. * 

Steario acid is a white solid, fusible at 107°, and on cooling 
forming brilliant white needles. It may be reduced to powder, 
and is, like all fat acids, insoluble in water, soluble in alcohol 
and ether. It burns like wax, nnd is used in the formation of 
improved candles. 

The stearic acid of which candles are made (called wax oandles, 
and in many points a good and cheap substitute for candles of 
real wax), is made by saponifying tallow or suet with lime and 
hot water, aided by a current of steam. The saponified mass, 
consisting of soaps of lime, with excess of lime, is now stirred up 
in tho water and added to diluted sulphurio acid, and the mixture 
warmed by steam. The fatty acids are set free and riso to the 
surface as an oil, which on oooling forms a solid fat. This is 
strongly pressed in a hydraulic press to remove the liquid acid, 
oleic acid, and the oake thus obtained is again pressed between 
warm iron plates, to expel more of tho liquid acid. The solid 
residue is now nearly pure, if tallow or suet have alone been used; 
but if other fats, such as lard or palm oil, have been added, as is 
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often the case, the steario acid is contaminated with margario or 
palmitic acid, or both. 

Stearic acid may, if heated in small quantities, he volatilised 
unaltered, a character belonging to all the acids below it in the 
series. When heated too strongly, or in large masses, it is decom- 
posed, yielding carbohydrogens, water, &o. The product thus 
obtained was at one time supposed to be margario acid, but it is 
only a mixture of stearic acid with carbohydrogens and water, 
possibly with some margario or palmitio acid also. 

Stearic acid was long supposed to be bibasio, and to have a 
formula double at least of that now given. But it is evident, from 
the perfect analogy in properties between it and palmitio and 
margario acids, that it must belong to the series of monobasio 
volatile acids, homologous with acetic acid. 

Its neutral salts, therefore, will have the formula Cs« H35 O3 , 
M 0, and in its acid salts, the formula of the hydrated acid will 
be added to that of the neutral salt. 

Heated with anhydrous phosphoric acid, stearic acid loses 2 eqs. 
of water, and yields a waxy solid, of the formula Cse II3* O a , not 
yet named. 

Heated with quick lime, steario acid yields another fusible 
crystalline solid, along with liquid carbohydrogens. The solid 
product is called stearone. It forms pearly scales, fusible at 169°. 
Its composition is not accurately known, but it contains oxygen. 
Margario acid seems to yield tho same compound. 

The neutral stearates of the alkalies are perfect soaps. They 
dissolvo in from 10 to 20 parts of hot water ; the addition of a 
large quantity of water decomposes them into acid stearates 
which are deposited, and basic stearates which remain dissolved. 
For the same reason a hot solution of a neutral stearate be- 
comes gelatinous on cooling, from the separation of the acid salt. 
Acid stearate of oxide of ethyle , St, Ae 0 -f St, IIO, and neutral 
stearate of the same base, St, Ae 0, are both white crystalline 
fusible solids ; as is likewise the stearate of oxide of methyle , 
St, Mt 0. 

Stearins, the chief ingredient of suet and tallow, is a stearate of 
oxide of glyceryls , but we shall mention it, with other analogous 
compounds, under glycerine. When boiled with alkalies, stearine, 
like all other fats, is saponified : that is, the steario acid combines 
with tho ‘alkali* forming soap, and glycerine is separated. Pure 
stearine i» Obtained by pressing tallow between hot plates, and 
afterward* dissolving in hot ether, which on cooling deposits the 
stearine. It is like wax in appearance when it has been melted, 
and it may be powdered. It crystallises from its solution in hot 
ether in pearly scales* 
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Stearine is usually said to melt at 143*5°. But it has been 
shown by Duffy that stearine may be obtained by reiterated 
crystallisations from ether, the melting point of which is so high as 
147*5°, and that the same stearine can exist in several states, each 
with a different melting point. Tlius stearine melting at 147*5°, 
if heated to 150°, will solidify at 145*5° or 146^. But if it be 
heated to 152°, it will not solidify till it cools to about 124 Q , and 
now it has recovered its first melting point of 147*5°, Again, that 
which has only been heated to 150°, which solidifies at 146 °, is 
opaque and friable, instead of being translucent, and in this state 
it only melts at the high temperature of 151° or even 157°. 

There are thus three states of the same stearine ; one «, melting 
at 124°, another j 8 , at 147*5°, and a third 7 , at 151° ; that which 
solidifies at 124° does so rapidly ; while that which solidifies at 146° 
congeals very slowly. They differ somewhat in appearance, and 
also, to a small degree, in density. The Sp. G. of a has been found 
to be, at fi0°, 0*9887 ; that of $, 1*0101 ; and that of 7 , 1*0178. 

These modifications have some analogy with the allotropic states 
of certain elements. 

Stearate of lead is an insoluble fusible soap, or, as it is called, 
a plaster. The same is true of margarate of lead, and in general 
of the compounds of load with fat acids. 

When margarine or stearine are distilled, they yield the very 
aorid vapours of acroleine, a product derived from the glyoerine 
contained in these fats ; but pure stearic and margaric acids yield 
not a trace of acroleine. Neither do they yield any scbacic acid 
among the products of their distillation, this acid being derived 
exclusively from oleic acid. 

Bassic Acid, a fatty acid found in the oil of Bassia latifoUa , was 
supposed to be a different acid from stearic acid, when the latter 
was regarded as isomeric with margaric acid. But as we have 
now adopted for stearic acid the formula Cm H 3 « 0 *, which is also 
that of bassic acid, it is evident that bassic acid is simply stearic 
acid from a new source, and probably slightly modified by the 
presence of a trace of some other acid, which makes it rather more 
fusible. 

Css* Balenic Acid , Css H37 Os, II 0 = Css HssO*. This is a 
fatty acid, melting at 164°, and is said to be found in tho usual 
combination, in some forms of whale oil. 

CV). Arachidic Acid , C*o H 30 Os , H 0 5 = C*o Em 0* • This 
acid is found in the usual form of a noutral glyceride, in the oil of 
Atfachis hypogma , or earth nut. When purified from the oleic acid 
and other acids which accompany it, it is a solid white fat, 
crystallising in brilliant scales, fusible at 167°. It is sparingly 
soluble in cold alcohol, but very soluble in boiling absolute 
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alcohol and in ether. The araohidate of ethyle is a tough crys- 
talline substance, melting about 131°. 

C4* . Behenic Acid , C*a II*i 0», II 0 = C42 H+a O4 — This acid 
was found by Thicker in the oil of Moringa olei/era , or oil of Ben 
or Behen, as it is called, which is very similar to olive oil, and 
lias th$ advantage of not soon becoming rancid. Henco it is 
much used for hair oil, and is the basis of Macassar oil. The oil 
contains oxide of lipyle or glycerine, united to behenio acid and 
one or two other fatty acids, which are obtained by saponification, 
as usual. Behenic acid is a crystalline fatty acid, melting at 173°. 
Like stearic acid, it may be powdered. Behenio ether G*lIo 0, 
C52 H*i O3, is a crystallino solid, melting at about 120°. Up to 
this point, namely C*2, the series of volatile, oily, and fatty acids, 
from formic acid to behenic acid, is complete. Beyond O42, two 
acids are known, and in each case the alcohol of the corresponding 
series is also known. 

Cm. Cerotic Acid } Cm II 53 0, II 0 — Cm Hm Ot. This 
acid was recently discovered by Brodie, as an ingredient of bees- 
wax, and, what is unusual, in the free state. It may be obtained 
by dissolving wax in hot alcohol, and repeating the operation 
with the substance deposited on coding, till its melting point 
rises to 162°. After this it is purified by repeated crystallisa- 
tions from ether, till the melting point rises to 171°, which is that 
of the acid. It was formerly supposed to be a neutral fat, in the 
impure state, and was called ccrine , but Brodie has proved that 
it is a volatile acid, and easily combines with bases. Its proportion 
in wax is about one-fifth of the whole. 

Chinese wax contains cerotic acid, combined with oxide of 
ceryle, yielding Cerotine , a body homologous with formiate of 
luethyle, and others of that series. Thus : 

Formiate of Oxide of Methyle . Ca Ha 0, II 03 = 0* H-» O 4 

Acetate of Oxide of Ethyle . 0* Ha 0, CU H* 0« = 0* Hu 0* 

Valerate of Oxide ofAmylo . C 10 H u 0, Cm> Oa~ Can IIso O 4 

Cetyl ate of Oxide of Cetyle , C 32 0, Os*j IIsi 0:* “ Cm H 04 0* 

Cerotate of Oxide of Ceryle . Cm Hab 0, C 54 Has Os = Cios Hioa 0 * 

When heated with potash, cerotine yields cerotate of potash, 
and the hydrated oxide of ceryle, Cm Hm 0, II 0 = Cm Hm Oa. 
This is the cerio alcohol. It is a waxy cry stalli sable solid, melting 
at 207°. With sulphuric acid it forms a solid like wax, which is 
the sulphate of oerylo. The anhydrous oxide, or eerie ether, 
is not known in a separate form, but the carbo- hydrogen of the 
olefiant gas series, or cerene = Cm Hm , has been obtained 
as a solid, wax-like body, as also a compound of sulphuric acid 
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with cerotine, Cm Has 0, H 0, S Oa . The aldehyde of cerotic 
acid is unknown, but Brodie has obtained a substitution-product 
derived from it. The aldehyde, or cerotal, would be Cm O 2 , 

and the chlorine compound, ckloroccrotal, is Cm. j 0 2 . 
Ccreno also yields with chloiine the products C 51 j , 

Cm j , Cm j . These aro probably mixtures. Cerotate 

of oxide of cthyle, *C* Ha 0, Cm Has O 3 = C 53 Hss 0*, is a 
fusible solid. 

Coo. Me I is sic Acid , Coo Uso Oa , II 0 = Coo Hoo O 4 . When wax 
is boiled with alcohol, a portion remains insoluble. This was 
formerly called myricine. It melts at H7°. It is easily sapo- 
nified, and yields an acid, and the hydrate of the oxido with 
which tho acid was combined. These are separated by crystal- 
lisation from alcohol. The acid is palmitic acid, which, com- 
bined with oxide of myricyle, constitutes the chief part of 
myricine. But when tho hydrated oxide of myricyle Coo Hoi , or 
myricio alcohol is heated with lime and potash, it yields hydrogen 
gas, and melissato of the base. The acid, which is melissic acid, 
Coo IIa 9 O 3 , 11 0 = Coo Hoo Ot , when separated, is a crystalline 
waxy substance, melting at 192*. 

Hydrated Oxide of Myricyle, SYN. MeUssinc. Melissic Alcohol, 
Coo Ho* O* = Coo Hoi 0, II 0. The oxide of the positive radical 
Coo II oi , is found in myricine, which forms about four-fifths of 
bees- wax, combined with palmitic acid. Separated as above, the 
oxide forms the hydrate, which is a waxy body, melting at 184°. 
It is a true alcohol, and liko common alcohol, it yields a carbo- 
Imlrogen, homologous with olefiant gas. This is called mclcne , 
and its formula is C«o H (J0 . This body and ccrene, Cm Hm, 
have the properties of paraffine, and it is probable that several 
others, homologous with these, have been included under that 
name. The anhydrous oxide of tho negative radical melissyle, Coo 
llr,y, is not known, nor tho hydrate of the oxide of the negative 
radical Coo H 8 e, the melissic aldehyde. But Brodie obtained a 
substitution-product, belonging to the latter, namely, chlorouielal, 

c °° a: j °' j ‘ 

It will bo seen that even here, at the very highest known part of 
the series, the analogy of homologous compounds prevails. We have 
cerotic and myricic alcohols, analogous to methylic and ethylio 
alcohols, while amylic alcohol lies nearer to the latter, and cetylio 
alcohol lies between it and tho highest ones. And for every one of 
all the known alcohols, we have the acid, while we can traoe the 



2S8 SERIES OF OXALIC 4£ID; 

analogy also ip the series of the ethers, the aldehydes and the 
bases, as well as the carbo -hydrogens and other derivatives. In 
the acids *alone, however, as we have seen, is the series at all 
complete, but the faot of the analogy continuing in the acids, 
alcohols, &c., so high as we have seen it, is sufficient to convince 
us that all the intermediate compounds, in the large table, are 
attainable. In fact, new ones are every day discovered. 

WeTiave still, however, two very remarkable sories to mention, 
which have only been recognised within a short period. These 
are, the oxalic acid series of bibasic acids, and the oleic acid 
series of monobasic oily acids, neithor of which are volatile without 
alteration. 


SEMES OF OXALIC ACID. 

The general formula of this series is Cn ITn — * Oa, 2 H O, and 
the acids of it are bibasic. It was stated, under oxalic acid, that 
it was probably, from its tendency to form acid salts and 
double salts, a bibasic acid. This is now ascertained, and the 
formula of oxalic acid is consequently C* Oo , 2 II 0 = 
CHTaOs. As there are 4 eqs. of carbon, of course the anhydrous 
acid cannot here contain hydrogen, but the next member of the 
series will be C« Ha ()«, 2 HO = Co Hi Os. This one, however, 
has not yet been obtained. The acids of this series are crystal- 
lisable, soluble in water, and have an acid taste. They are 
decomposed by heat, and generally yield among the products, 
carbonic acid, and a volatile acid of the formylic series. 

This is exactly what their general formula might lead us to 
expect ; for it will be seen, that the hydrated acids of this series 
contain the elements of a volatile aoid with 2 eqs. of carbonic 
acid. Thus oxalic acid, C* Ha 0« , contains the elements of formic 
acid, Ca H# 0* , and Ca 0* , that is, 2 eqs. of carbonic acid, 
2 (CO#), Now oxalic acid, when heated, yields formic and 
carbonic aoids. Oxalio acid having been already described, we 
have here only briefly to notice the other known acids of this 
series. 

We must first, however, mention, that another fact snows the 
close relation between these non-volatile bibasio aoids and the 
volatile monobasic acids of the formylic scries. We have men- 
tioned that many of the latter are formed when nitric acid acts on 
oils or on any of these oily volatile aoids, or on oleio acid. Now, 
along with the volatile acids thus formed, among which are acetic, 
propylic, butyrio, valerianic, caproic, amanthylio, caprylio and 
pelargonic acids, there are formed several acids of the oxalic 
series, which remain in the liquid after the volatile aoids have 
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been distilled off. Among these are oxalic, succinic, suberic, 
lipic, adipic and pimelio acids. They would seem to be formed by 
the union of nascent carbonic acid with the nascent volatile acids. 

Succinic Acid \ C& H4 Oa, 2 H 0 22 Cs Ha Os = 8 2 HO. 
This acid exists ready formed in amber, and may be obtained by 
distilling that body. But the mother liquor of the suberic acid, 
formed from margario acid, &c., by nitric aoid, contains a large 
quantity of succinic acid, along with a little suberic acid. The 
mixture, being dried up, is acted on by ether, whioh dissolves the 
suberic acid, leaving the succinic acid ; it is finally purified by 
sublimation. Succinic acid is also formed from malic acid by 
fermentation, as will be hereafter explained. 

It forms regular crystals, which may be easily sublimed, but 
not without some change, for it loses water. The formula of the 
sublimed crystals is (Cs lit Oo ) -f II 0 ; but by repeated subli- 
mation it may be obtained anhydrous. The first hydrate 2 H 0, 
melts at 356°, and boils at 455°, subliming, however, slowly at 
284°. The sublimed hydrate, 2 8u 4- H 0, melts at 320°, and 
boils at 468° ; and the anhydrous acid melts at 257°, and boils 
at 182°. 

By tho aotion of anhydrous sulphuric acid, it yields anew acid, 
apparently Cs Ha SaOio, 4 II O, hyposulphosuccinic acid. 

The constitution of the succinates is bibasic. The most recent 
researches of Fehling, who has twice examined these salts with 
care, lead to the general formula* of Cs H* Os , 2 M O, for the 
neutral, and Ca II* Oa, II 0, M 0 for the acid salts. The 
succinates of lead present some anomalies. Tho succinate of 
methyle , Ca H* Oa , 2 Mt 0, is a volatile crystalline solid. Suc- 
cinate of ethyle r Ca H* Oa , 2 Ae 0, is an oily liquid, boiling at 
417° F. When this compound is acted on by ammonia, it yields 
succinamidc , Ca II* 0* , 2 N Ha , which is succinate of ammonia, 
minus 4 eq. of water. It is a crystalline solid, having the usual 
properties of an amide. There exists also an acid amide, or 
succinamic acid , CaHaOa, N Ha, which is acid succinate of 
a iu&flqp ia, minus 2 eq. of water. And there is a third amide, 
succinimide, Ca II»N 0* , which is acid succinate of ammonia, minus 
4 eq, of water. Sueoinamio acid is only known in combination 
with oxido of silver. Succinimide is formed when ammonia acts 
oil anhydrous succinic acid. It forms beautiful rhombio tabular 
crystals, very soluble in water. With aniline (pheny lamine) 
succinio aoid yiolds anilides analogous to the amides just 
mentioned. 

Succinic acid and its ethers and amides, yield substitution-pro- 
ducts with chlorine, which our limits prevent us from more fully 
describing. 

u 
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The origin of amber is very uncertain ; but it is most probably 
derived from some resin, formerly liquid or soft. It may possibly 
have arisen from the slow oxidation of a fatty matter, as we see 
succinio acid formed from fats by oxidation. Amber is a clear 
brittle yellow solid, becoming electric by friction. It is for the 
most part insoluble in all menstrua* When honted, it yields 
suocinio acid and a volatile oil, and there is left a largo proportion 
of a matter which may be called bituminous, and forms the prin- 
cipal port of tho amber. 

Lipic Aeidy Cio 11a Oo , 2 II 0 ss Cio Hs Os . This acid is 
homologous with oxalio and succinic acids. It is found among 
the products of the oxidation of oils or oily acids by nitric acid 
along with other acids both of tho oxalic and formic series. It 
is crystalline, soluble in water. Lipic acid has not been much 
studied. 

Adipic Acidy C 12 Hs Oe , 2 H 0 = Cia H 10 Os . This acid is 
found with the preceding ones among the products of the action 
of nitrio acid on oils and oily acids. It is also crystalline, and 
soluble in water, but has not been minutely examined. Adipate 
of ethyle has a strong fragrance of rennet apples. 

Pimelic Acid , Cu U 10 Oe , 2 H O = C 11 II 12 Os. Found with 
the preceding acids. It appears in the form of minute crystalline 
grains. It melts at about 237° F., and volatilises at a higher 
temperature. It is very soluble in hot water. When heated 
with potash, hydrogen is given off, and the residue, acted on by 
sulphuric acid, yields a volatile acid, apparently valerianic acid, 
or a mixture of it with others of the same series. 

Suberic Acid , Cio Hia Oo, 2 1 1 0 = Cio Hit Os = Su, 2 II 0. 
This acid is formed when cork is oxidised by nitric acid, but 
especially when nitric acid acts on steario acid, margaric acid, oleio 
acid, and other fatty bodies. The acid solution, obtained by 
boiling stearic or margaric acid with nitrio acid till it is entirely 
dissolved, is evaporated to one half, and on cooling deposits 
a large quantity of suberic acid, which is easily purified by 
crystallisation. 

It forms small granular crystals, fusible, when moist, at 130°, 
when dried, at 248°, volatile at a higher temperature, and sub- 
liming in the form of long noodles. It is sparingly soluble in cold 
water, very solublo in hot water, in alcohol, and other. 

The general formula of the suberates is Su, 2 M 0. The sw&e- 
rate of oxide of ethyle is prepared like the ethers of all the fatty 
acids, by passing hydrochloric acid gas through the alcoholic 
solution of the acid. When suberate of lime is distilled, it yields, 
among other oily products, a liquid boiling at 366°, the formula of 
which is Cio IIu Oa, or Cm Ilia Oa , It is converted into suberic 
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acid by the action of the air and of nitric acid. The nature of 
this compound is not yet ascertained. 

Suberic acid gives rise to suberamide , Cm Hu 0*, 2 H Ha = 
Cm II m N* 0*, formed when ammonia acts on suberatoof ethylo 
to suber anilide, an analogous compound, formed by the action of 
aniline (phcnvlamino) on suberio ether ; and suberanilic acid , an 
acid anilide, formed along with the preceding compound. The 
suberamic acid is not yet known. 

Sebacic Acid , C 20 Hie Oe, 2 H 0 = C 20 Hia Os. This, 
the next known acid of the oxalic series, and as yet the highest 
in the series, is formed in the distillation of oleic acid and 
of all oils containing that acid. It is soluble in hot water, sparingly 
soluble in cold water, and therefore when the products of the 
distillation are boiled with water, the filtered liquid deposits, on 
cooling, nearly the whole of the scbacic acid, in light feathery 
masses of crystals somewhat resembling sublimed benzoic acid. 
The presence of this acid among the products of distillation of oils 
is a sure proof and a delicate test of the presence of oleine or of 
oleic acid in the oil distilled. 

A more productive process is to heat ricinolic acid (see castor oil) 
with half its weight of caustic potash, or castor oil maybe at once 
treated in the same maimer. Hydrated oxide of octyle, or caprylic 
alcohol, distils over, and sebate of potash is left. 

Kicittolic acid. Sebato of potash. Caprylic acid. 

Cm ID, Oo + 2 (K 0, H 0) =Cao u.o 0(1, 2K0t 0.» Ui» O* + Ha. 

The sebate, decomposed by sulphuric acid, yields the acid in 
abundance. 

Scbacic acid melts at 81°, and is volatilised at a higher tempera- 
ture. Its vapour irritates strongly the respiratory organs. When 
fused with potash, the residue yields, by the action of sulphurio 
acid, a volatilo oily acid, or a mixture of such acids. Kitrio acid 
acts on it slowly, and converts it into succinic acid according to 
some, wdiile others allege that it yields pyrotartario acid, C 10 Hs Os . 
It will bo observed that pyrotartario acid has the same formula as 
lipie acid, and as it is also bibasic, it may really be identical w'ith 
lipio acid, or they may only be isomeric. But it is easy to see how 
nitric acid should form both lipio, or pyrotartario and suecinio 
acids from sebacio acid, just as it forms from margaric or caprio 
acid, volatile acids of the same series, lower in the scale, by 
removing part of the carbon. 

The sebates are either neutral Cuo Ilia 0« , 2 M 0, or acid, 
CsoHia On, HO, MO. 

Bcbate of ethyle, or scbacic ether, Cao Hia Oa , 2 Ao 0, is a 
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volatile ether, which has a strong and pleasant fragrano© of 
pine apple. 

When sebacic ether is acted on by ammonia, it yields sebamide 
C*> Hao N»0 4 , which is neutral sebate of ammonia, minus 4 eq. of 
water ; and sebamic acid, Cao Hi» N 08 , which is acid sebate of 
ammonia minus 2 eq. of water. These compounds have the 
reactions of amides. 

We have now mentioned ail the known acids of the oxalic 
series, and it will bo seen by the following table, that they 
correspond each to a volatile acid of the formylic series, containing 
2 eq. of oarbon less. 

Thus we see that if we add to the acids of the formylic series 
2 eq. of carbonic acid, we have the formula of the acids of the 
oxalic series. 


Monobasic Volatile Acids. Bibusic Acids. 

Formic Acid Cs Ha 0* + 2 C 0* = C* Ha Os Oxalic Acid 

Acetic Acid 0* H* 0* + 2 C Os Co H* 0« Unknown 

Propylic Acid Co IIo 0* + 2 0 Oa ss C* Ho Os Succinic Acid 

Butyric Acid C» H» 0*+ 2C0i = Co H, 0. Acid } 

Valerianic Acid Cio IIio 0* + 2 C Oj = Ci* Hio Os Adipic Acid 

Caproic Acid Cia Hu 0* + 2 0 Oa — Ci* Hu 0» Pi in el ic Acid 

(Enunthylic Acid (u* Hi* O* + 2 C 0* = Oio Hi* Os Suberic Acid 

Caprylic Acid Cio Hio ()♦ + 2 C Oa=: Cia Hm 0* Unknown 
Pehrgouic Acid Cib IL$ 0* + 2 C 0«= Cuo Hi« 0« Sebacic Acid. 

It cannot be doubted that the bibasio acids, corresponding to 
acetic and oennnthylie acids, as well as others higher iu the scale, 
will in time bo discovered. Wo have already pointed out that 
pyrotartaric acid is either isomeric or identical with lipic aoid, und 
an acid produced by the action of nitric acid on rhodeoretic acid 
(a body formed by the action of hoses on the rcsiu of jolap), which 
has been called ipomic acid, is isomeric at least, and probably 
identical, with sebacio acid. Oxalic aoid, as is well known, occurs 
frequently in nature. 


OLEIC ACID SKRIE». 

General formula C.H.-.O., orC.Hn -.0,, H 0. 

Of this series a few acids are known. They all contain 2 cqs. of 

-a* »•" ' TamSyS = c>t d £ iXmod 

bylh^oS^tion of acrolcine (See under glycerine), by mcans of 
S Acrylic acid is a limpid liquid, of a pungent but 
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agreeable acid odour, not unlike that of acetic acid. It is miscible 
with water in all proportions, and boils at a temperature above 
212°. Its' salts are monobasic, and resemble the acetates and 
formiates. The acrylate of silver detonates when heated. Acrylic 
acid is easily oxidised and decomposed. Acrylic ether is not 
known in a state of purity, but appears to have the odour and 
taste of radish. 

Angelic Acid , Cio H 7 Os, HO, is found in the root of angelica 
and of other umbelliferte. It is extracted by water, then com- 
bined with potash, evaporated to expel volatile oils, and the residue 
distilled with sulphuric acid and water. At first, aoetio and 
valerianic acids pass over, then angelic acid, whioh condenses in 
the neck of the retort. Water is added to the residue, and the 
distillation continued as long as any angelic acid passes over with 
the water. 

The acid may also be obtained by the action of caustic potash 
on oil of camomile, taking care to avoid too strong a heat, as the 
acid is itself decomposed by potash. 

It forms fine crystals, fusible at 113° F., boiling at 374°. 
Heated with potash, it yields acetate and propylate of potash, 
and hydrogen gas. 

Moringic Acid , O30II27O3, HO = Cso Has O*. This acid 
occurs, along with benic, behenic, and murgaric acids, in the oil 
of ben, which is that of the fruit of Moringa mix behen , or 31. 
oleiftra . It is a liquid, and slightly acid, very soluble in alcohol. 
At 32° it solidifies. It is but little known. 

Oleic Acid , C«o Han O* ,H0 = Cso Ha* 0* . This is the most im- 
portant and abundant acid of the series named from it. It occurs 
in almost all the animal and vegetable oils which are not drying 
oils, in the form of oleine, (a compound of the acid with glycerine)* 
as their chief constituent, and in almost all similar vegetable fats 
in smaller proportion. 

It is beat obtained pure from almond oil, which is saponified 
by potash, the soap decomposed by an acid, and the mixed acids 
thus obtained are digested with half their weight of oxide of lead, 
with which they all combine. Ether now dissolves the acid oleate 
of lead, leaving the margarate or stearate of lead undissolved. 
Hydrochloric acid is added to tho clear solution, and the oleio 
acid dissolves in tho ether, while chloride of lead is deposited. 
The ether being distilled off, the acid is left, but is still coloured. 
By exposure to cold, the pure acid crystallises, and is expressed 
in the cold. Or the coloured acid is converted into oleate of 
baryta, which is purified by means of alcohol, and the pure salt 
decomposed by an acid. 

Pure oleio acid is liquid above 57 J F., colourless, oongealing in 
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cold weather. When melted, it does not solidify till cooled to 40° ; 
when solid, it does not melt till warmed to 57°. It rapidly absorbs 
oxygen from tho air and becomes brown. 

It is decomposed by heat, which is tho case with all the acids 
of this series at all high in the scale. Among the products are 
acetic, caprylic, and caprio acids, probably others of that series, 
but chiefly sebacic acid, the presence of which in the matter 
obtained by distilling any oil, is a sure test of the presence of 
oleine in that oil. 

By contact with nitrous acid oleio acid is converted into elaidic 
acid y whioh is isomeric with it. 

When fused with caustic potash, oleio acid is resolved into 
acetio and palmitic acids and hydrogen gas. 

Oleio Acid. Palmitato of Potash. Acetate of Potash. 

Cm Hs* 0* + 2 (K 0, H 0) = C 3 fl Hai 0 3 , K 0 + 0* H:> Oj, KO + Hj. 


Oleic acid, mixed with a good deal of margario or stearic acid, 
is produced in large quantity in tho manufacture of stearic acid 
for candles. This impure oleio acid is the liquid part expressed 
from the mass of oily acids which is formed when tallow suet or 
lard is saponified by lime and the soap decomposed by sulphurio 
ncid. It may be purified as above directed ; but in its impure 
state it is much used iu making soaps. 

When boiled with nitric acid, oleic acid yields many acids both 
of the formylic and oleic series, all of course lower in the scale 
than itself. Succinic and suberic acids are especially abundant 
in this process. 

The oleates have the characters of soaps or plasters, according 
as they aro soluble or insoluble in water. Oleate of potash is a soli 
soap, and is the chief ingredient of NapLes soap. Oleate of soda, 
like soda soaps in general, is hard. Oleate of lead is an excellent 
plastcT, being very fusible and adhesive. Oleate of cthyle is 
an oily liquid. 

Sulphurio acid, when it acts on oils, forms an acid, sulpholeio 
acid, along with a sulphomargario acid. These acids aro not fully 
known. The former is said, by contact with w r ater, to yield 
metoleio acid, and when boiled, to form another acid, called 
hydroleic acid. Tho composition of theso acids is not ascer- 
tained. 

Elaidic Acid . This acid, as already stated, is isomeric with 
oleic acid, and is formed from it by contact with nitrous or 
hyponitrous acid. It is solid, fusible at 113° F. For this 
reason, oleic acid is solidified by contact with nitrous acid ; and 
oleine, or oils containing oleine, aro also rapidly solidified by 
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contact with nitrous acid, or with a solution of nitrate of mercury, 
which yields nitrous acid. Elaidio acid may bo distilled 
unaltered. 

Oleine, the liquid principle of most natural oils and fats, and 
eiaidine, into which it is converted by nitrous acid, are compounds 
of the acids with glycerine. 

Oleic Acid of drying oils . Linoleic Act’d . This acid, which 
occurs, combined with glycerine, in linseed oil, walnut oil, and 
the other drying oils, is different from oleic acid, though resem- 
bling it in external properties. It has been said to be C*« H 39 Oe , 
but this is highly doubtful. 

The acid itself, and its glyceyide or linoleine, attract oxygen 
from the air, and dry up into a resinous mass. Hence their uso 
in painting. 

Docglinic Acid } Gas H 30 0*=Cs8 Has Os, HO, is formed in the 
oil of B a l ten a rostrata , where it is combined, according to 
Seliarling, not with glycerine, but with the oxide of the radical 
C 24 . H 2 G, which may be called dodecatyle, homologous with ethyle. 
When this oil is saponified, there are obtained the acid, which is 
oily, liquid at 62°, congealing several degrees above 32° ; and the 
hydrated oxide of dodecatyle, or dodecatylic alcohol, C 2 * Has 0, 
II 0 ~ Cm II 20 Oa . 

JFJrucic Acid , or Brassic Acid , C** 11*2 0*= Cm Hu Oa, H 0. 
This acid is found in the fat oil of mustard, obtained by expressing 
the seeds, also in the oil of oolza, which is obtained from the 
seeds of another cruciferous plant, Brassica camjtestris ole if era. 
It is solid, melts about 90° F., and crystallises in needles from its 
alcoholic solution. The oil contains another acid, which is liquid 
at tho ordinary temperature, but is different from oleic acid ; 
most probably an acid of the oleic series. It is very probable 
that these acids, or others homologous with them, may be found 
in the seeds of other cruciform. 

Let us briefly recapitulate the different classes of compounds 
treated of in this section, and represented in the table. This 
will best be done in a tabular form, and the reader will bear in 
mind that the vertical list here given corresponds to the hori- 
zontal line of the table of homologous compounds, which is only 
a selection from it, and that each number hero given is the 
starting-point of a series of homologous compounds, the formula) 
of which are obtained by simply adding C a Ha successively to the 
formulae of the methyle compounds, horo taken as the lowest in 
the series. 

Now, when it is considered that all the above compounds, 
are known in the methyle and formyle series, and all in that of 
ethyle and acetyle ; that each of these 39 compounds is the 
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starting-point of a homologous series, like that of the fatty and 
oily acids, No. 29, which have been described ; and that several 
of the numbers, namely, Nos. 12, 14, 15, 16, 17, 18, 19, 20, 21, 
25, and 35 being bases, combine with all acids, and that each salt 
thus formed is also the starting-point of a similar series ; that 
the bodies under Nos. 13 (of whioh there are several, such as 
oxalovinio, tartrovinic, phosphovinic, and carbovinic acids, not 
mentioned in the tablo) and 29, being acid, combine with all 
bases, and that each salt thus formed is the starting-point of a 
new homologous series ; that the radicals and bases, from No. 14 
to No. 22, all admit of substitution of one radical for another, 
yielding new bases, and consequently new salts ad infinitum ; 
and finally, that probably every compound in the table admits of 
the substitution of chlorine, bromine, iodine, and nitrous acid for 
part of its hydrogen, thus yielding other inexhaustible series of 
new compounds, it will be seen, that even this formidable list, 
and the large table, are nothing more than short extracts from the 
real list of possible and probable compounds, producible by art, 
besides the infinite variety of nature. And yet, bearing in mind 
the laws of homologous compounds, and of substitutions, the 
whole of this immense mass of formulas become easily intelligible, 
insomuch that with a knowledge of one such series as has just 
been partially exemplified, any one may construct for himself a 
table including all, which, however, if printed at full length, even 
in the abbreviated shape of formulse, would fill a volume. And 
all this refers only to tho compounds connected with, or derived 
from, one series of radicals, that of methyle and ethyle. Nature, 
however, uses not only these, but many others, as yet less known 
to us, to produce her organised products. Wo trust that the study 
of this section will enable tho student to grasp tho principle, and 
to see his way through the socmiug chaos of organio chemistry. 

Of those radicals which do not belong to tho series of ethyle 
and methyle (the best known), those most interesting are phenyle, 
Cia H6 , and its homologues, as given in tho table, p. 141, with 
some of their derivatives. As these may ail be derived from the 
oil of tar, we shall describe them and their derivatives under 
that head. Wo shall then see that these radicals agree with 
those of tho methyle series in replacing hydrogen in ammonia, 
and in giving rise to a large number of bases and other interesting 
products. 

Before quitting tho subject of the radicals of tho methyle and 
ethyle series, Cu llu -f i, and their derivatives, it must bo men- 
tioned that different views have been taken of these compounds, 
besides that here adopted. Some eonsider alcohol and ether to 
be compounds of C* II* , or ethylene, with water : but this view 
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is now generally abandoned. But the views taken by Kolbo, 
and those of Williamson, must be noticed. Kolbe admits the 
existence of the methyle series of radicals, but not that of the 
derived acid radicals of the formyle series, Cm Hn — 1 . Accord- 
ing to him the acids of the formio series are coupled oxalic 
acids, the copula being in each case a radical of the methyle 
series. The following table exhibits together the view already 
adopted in this work, and that of Kolbe, for the six first acids of 
the series, (Cn Hn ) a 0* : — 

Kolbo. 

Formic Acid Ca H, 0*, 110= H, CsOa, IL 0 = 0* IL O* 

Acetic do. C* Ha, Os, H 0=zCa Hs, C2O3, JI OzzO* H* 0* 

Propylic do. Co H*, Os, HO = C* Hs, C*0 3 , II 0 = 0* H« 0* 

Butyric do. Ca H7, O3, H 0 = Co lh, C2O3, HOrrC* II» 0* 

Valerianic do. Cm Ho, Oa, II 0 = 0* Ho, C2O3, H OrrrOio IIiu 0* 

Caproic do. Cia Hi*, Oa, H 0 = Cio Hn, C2O3, H 0 = Cia Ilia 0» 

It will be seen that in the first column the acid radicals 
formyle, acetyle, propionyle, butyrylo, valcryle, and caproyle, are 
supposed to be united to 3 eqs. of oxygen and 1 of water ; while 
in the second, hydrated oxalic acid, C3O3, HO, is supposed to 
be coupled, first with hydrogen, and then with the homologues 
of hydrogen, the basic radicals methyle, ethyle, propyle, butyle, 
and amylo. It is evident that either view sufficiently accounts 
for the great analogy of these acids among each other, and that 
the latter perhaps accounts better for the fact, that the ammonia 
salts of these radicals yield the cyanides of the basic radicals they 
are supposed to contain. Thus acetate of ammonia yields cyanide 
of methyle, propylate of ammonia, cyanide of ethyle, &c. On the 
whole, it is impossible, as yet, to give to the ono view a decided 
preference over the other ; and it will be seen that Kolbe’ s view 
may easily be applied to all compounds supposed, on the other 
theory, to contain formyle, acetyle, and the radicals of that series. 
Kolbe has, indeed, with much ingenuity, extended it to all theso 
and many analogous products, such as aldehyde, including those 
of substitution, chloral, chloracetic acid, and the chlorinised ethers 
generally. But our limited space forbids us to enter into theso 
details, and we therefore stop, recommending to the student to 
bear in mind, that not only the doctrine of compound radicals, but 
also that of coupled compounds, probably, has a great share in tho 
production of organic bodies. 

Williamson follows Berzelius in not regarding alcohol as the 
hydrated oxide of ethyle, C 4 Ho 0, II 0 =3 C* II* O a , hut as 
having only half this atomic weight, C a H 3 0 ; and in con- 
sequence of some very remarkable discoveries of his own, he 
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finds it necessary to halve the equivalent of hydrogen, and to 
write the formula of water Ha 0, and that of alcohol Oa Ha O. 
He supposes alcohol to be water, in which one half of the 
hydrogen is replaced by the body Ca IIa (which, with the double 
or usual equivalent of hydrogen, would be Ca IIa|, hence the 

reason for halving the eq. of hydrogen), thus: water jo; 

alcohol j 0. According to this view, ether is water in 

which both tho eqs. of hydrogen (that is, all the hydrogen) have 
beon replaced by Ca IIs ; water jj | 0 ; ether ^ Ho } ^ = C* 

Hio 0 (=, in the ordinary form, C * Ha 0), 

We have already explained that if, without altering the atomic 

weight of hydrogen, we represent water thus : Jq | q ; alcohol 

will be jq 5 | q, and ether ^ jj?® j q. This amounts, as will 

be perceived, to tho same thing as Williamson’s view, and it must 
be borne in mind, that many other facts render it probable that 
tho true formula for water is a double one, or that the molecule 
of water, which is tho most frequent typo of organic compounds, 
contains 2 at. of hydrogen and 2 of oxygen. 

Tlie strongest arguments for this view are derived from the 
fact, observed by Williamson, that alcohol is converted into 
ether by the action of iodide of cthylo on a solution of potash in 
alcohol. According to the usual view, this change would be 
thus represented : C* 0, K 0 + C+ IIa I = K I + 2 (C* Hs 0), 

the potash being supposed to have replaced the water of alcohol. 
Williamson supposes one-sixth of the hydrogen in alcohol to have 
been replaced by potassium, thus : C2 Ho 0 + lv O = HO -f 

Ca | 0 (halving the eq. of potassium). Then this compound, 
acted on by iodido of ethyle, which ho makes Ca IIa I (halving 
tho eq. of iodine also), yields ether with it, thus: Oa^ 5 j 0 *f 

Ca IIa 1 = K I -f 0* | 0. To decide between the two theories, 

Williamson tried to replace ono of the eqs. of hydrogen by 
metliyle. If the ordinary view were right, he should have 
obtained a mixture of oxide of ethyle and oxide of mcthyle, by 
causing iodide of metliyle to act on tho potash compound of 
ether, C* 11* O, KO -f Call* I = K 1 + C*1L>0 + Ca II a 0 (using 
the ordinary equivalents) ; but instead of this, ho obtained a 
now alcohol, Cs Hs 0. This he explains as follows. In his 
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notation, iodide of raethyle is C Ha I. Hence C* j 0 4- 

C H* I = K I + q* | 0. TiiiB latter body, C 3 H 8 0, in ordi- 
nary notation, Ca H* 0 or Ca Ha Oa , is a very remarkable now 
aloohol, and Williamson has obtained others of the same class, 
which, however, as well as the first, have not yet been fully 
described. These remarkable researches will probably hereafter 
lead to modifications of our views on many points ; but, in the 
meantime, we shall adhere to the usual view, which, for the 
moment, is the best attainable, but which, like all theories, must 
in time give place to such as better agree with all known facts. 
A theory in chemistry is nothing more than such a view as 
groups together the largest number of facts at a given time, and 
has no pretensions to absolute truth, nor to be moro than a guide 
to the enquirer, and an aid to his memory. 


NATUliAL FIXED OILS AND FATS. 

We have already mentioned, under the oily acids of the forraylic 
and oleic series, that the natural fixed oils and fats are neutral 
compounds of these acids with, for the most part, the basic com- 
pound glycerine, or oxide of glyccrylo (to be presently doscribed), 
and in a few cases with basic oxidos of the series of oxide of ethyle. 
These neutral oils and fats are named according to the acids they 
contain. Thus, stearine, margarine, palmitina, oleine, caprine, 
valerine, and butyrine, are the compounds of glycerine with 
stearic, margaric, palmitic, oleic, caprio, valerianic, and butyric 
acids. C'etine is the palmitate of oxide of oetyie ; Chinese >vax is 
the ceretate of oxide of oeryle. The part of bees- wax insoluble 
in alcohol is palmitate of myricyle, and the oil of the balocna 
rostrata, or beaked whale, contains with other oils the dooglinate 
of oxide of dodecatyle. 

The chief liquid fat oils and drying oils of tho vegetable 
kingdom have already been mentioned. In the animal kingdom, 
there are fish oils, characterised by containing valerate of glycerine, 
or valerine, which givos tho smell of train oil, and occurs also in 
cod-liver oil, &c. &o. 

The solid oils or fats of the vegetable kingdom are, butter of 
oacao ( Theobroma cacao ) ; of nutmeg ( Myri&tica moschata) ; of 
cocoa-nut ( Cocos nucifera) ; of laurel (La urns nobih’s) ; palm-oil 
(Avoir a dais : Blais Ouiamnsis ) ; galam butter ( Bassia buty- 
racea); and some others. Those of tho animal kingdom are 
tallow, or suet, butter, hog’s lard, human fat, &o. 
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Spermaceti is a peculiar fat found in the head of Physeter 
macrocephalus, When purified from a small quantity of a liquid 
oil, it constitutes cetine, which is a compound of oxide of oetyle 
with oetylic acid, and yields the hydrated oxyde of cetyle, or 
ethal, and cetylio acid, as formerly explained, when boiled with 
potash, Cetine crystallises beautifully when melted or when 
dissolved in hot aloohol. 

Cholesterino is a fat found in bile, and also, in small propor- 
tion, in the blood, and in much larger quantity as an ingredient 
of cerebral matter. It forms the chief ingredient of biliary 
calculi. It dissolves in hot alcohol, crystallising on cooling in 
silvery scales, but cannot be saponified by boiling with potash. 
It will bo described more fully under the head of bile. When 
acted on by nitric acid, it yields a new acid, cholesteric acid, which 
contains nitrogen, probably as nitrous acid. 

Ambreine , a fat analogous to cholesterine, is found in ambergris. 
It yields, with nitric acid, amWeic acid, Castorine is a similar 
fat found in castoreum. 

Wax is another peculiar fatty body, the origin of which is 
derived from flowers, whence it is collected by the bee. It melts 
at about 130 0 . It is a mixture of two fats, cerotic acid, and 
palmitate of oxido of melissyle, as formerly explained ; the 
former soluble, the latter insoluble, in hot alcohol. When heated 
with nitric acid, wax is almost entirely converted into succinic 
acid. 

Chinese wax consists of cerotate of oxide of ceryle alone. 

Japan, or tree wax, is a true" fat, composed of palmitic aoid and 
glycerine without oleine. When acted on by nitric acid it yields, 
first pimelic and adipic acids, and then succinic acid, as in the 
oase of spermaceti. 

We shall return to the subject of the composition of the fixed 
oils under glycerine, the basic principle which they all contain. 

Cerosine is the name given to a waxy substanoe occasionally 
found on the surface of the sugar-cane. It is not saponifiable, and 
appears to contain C+s Oa , It is probably an aldehyde, or if 
it£ formula be doubled, Cva H*>« 0*, it may be a compound 
ether. 

Athamantine , from the root of Athamanta oreoselinum , is a 
crystalline fat-like body, containing valerianic acid, united to a 
body, orcoselone , which supplies the place of glycerine in the 
neutral athamantine, Orcoselone is Ci* H» O 3 , that is, isomeric 
with dry benzoic acid. Athamantine is Ca+ His O7 = Ci* II» Oa 
(1 eq. oreoselone) -f* C 10 IIio O* (I oq. valerianic acid). Atha- 
mantine oombines with hydrochloric acid, and the compound, 
when boiled with water, deposits crystals, which are oreoselono 
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plus water = Ci* Ha 0 * , and isomeric with crystallised benzoic 
aoid. 

These neutral oils or fats never occttr singly, for suet and tallow 
consist of stearine, margarine, and oleine ; lard and human fat of 
margarine and oleine ; olive and almond oils of the same two fats 
in different proportions ; butter of margarine or palmitine, oleine, 
and small quantities of caprine, capryline, caproine, and butyrine ; 
train oil of oleine, with a little of some solid fat and a little 
valerine, as does also cod-liver oil; palm-oil of palmitine and 
oleine, and so on. 

The compounds of glycerine, whioh constitute the great majority 
of fats and fixed oils, are called glycerides. They are all saponi- 
fied by boiling with potash or soda, which unite with the acids to 
form soaps, while the glycerine is set freo, taking up the elements 
of water. 

The glycerides of the fatty acids high in the scale, above C20 , 
are devoid of taste and smell when pure, but by long exposure to 
air are in part decomposed, the acids being to some extent liberated, 
When they acquire a rancid taste and smell. 

Those of the acids lower in the scale have generally some smell 
and taste : thus the flavour of butter is due to the small properties 
of butyrine, caproino, &o., which it contains ; and that of train 
oil and cod-liver oil arises from the presence of valerine. 

The 'glycerides are generally insoluble in water, but very 
soluble in ether or turpentino, sparingly soluble in cold alcohol. 

They are all decomposed by heat, those which contain oleic acid 
yielding sebacic acid, and all glycerides whatever yielding the 
pungent suffocating vapours of aeroleino. (See below.) 

Ammonia not only saponifies the glycerides, but also acts on the 
acids, forming amides, such as margaramide. 

Sulphuric acid decomposes them, producing sulphoglyccrio acid, 
and compounds of sulphuric acid with the fatty acids, whioh are 
not stable, and are spontaneously decomposed by contact with 
water. 

The action of nitric acid on the glycerides is violent, and it 
oxidises both the glycerine and the aoid. The products of the 
latter action, as mentioned under the various acids, arc chiefly 
carbonic acid and various acids both of the formylic and oxalic 
series, especially succinic and suberic acids. 

It is unnecessary to describe individually the numerous oils, 
both animal and vegetable, all of which have the general characters 
here mentioned. But one oil is so peculiar that it deserves a 
special notice. This is castor-oil, the oil of Ricinus communis. 

Castor-oil is a glyceride, or rather a mixture of glycerides, the 
acids of which are in part peculiar. When saponified, and the 
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soap decomposed by an acid, there is obtained an oily acid liquid, 
ohiefly formed of ricinolio acid, C 30 Ha* Os = Cso Has Oa , HO, 
and a small portion of a solid acid, apparently a mixture of 
stearic and palmitic acids. 

Ricinolio acid is an oily liquid which by intense cold congeals 
into spherical concretions. Its salts with the alkalies are soaps. 
The ricinolate of ethyle is oily. Iticinolaraide is a crystalline 
body. 

Whon heated, ricinolic acid is decomposed, yielding hydrated 
oxide of <x3nanthyle or oenantkylic aldehyde, with some oenanthylic 
acid. 

When heated with caustic potash, ricinolio acid is resolved into 
hydrated oxide of octyle, or caprylio alcohol, sebacic acid, and 
hydrogen. 


Ricinolic acid. Sob.-ito of Potash. Caprylio alcohol. 

Cm II:;i 0 « + 2 (K 0 , H 0) = Cm Hm Oo, 2 K 0 + c.o 1I,» Os + H, 


By contact with hyponitrous acid, ricinolio acid is transformed 
into a solid acid isomerio with it, ricinelaidic aoid. It is decom- 
posed by heat in the same way as ricinolic acid. 

Castor-oil, when distilled alone or with potash, yields the same 
products as ricinolic acid, along with those formed by the action 
of heat on glycerine and on the solid acids of the oil. By hyponi- 
trous acid, or nitrate of mercury, castor- oil, or rather the ricinoline 
in it, is converted into the solid rieinelaidine, which has a waxy 
consistence. 


Dll YIN G OILS. 

These oils, of which linseed oil, waluut oil, and liempsecd oil 
arc the most important, contain an oleine, the acid of which, as 
before stated, differs from common oleic acid. They attract 
oxygen rapidly from the air, and dry into a varnish. This change 
is promoted by first heating the oil with litharge, which removes 
mucus, &c. The presence of some foreign substance in small 
quantity seems, however, to bo favourable to tho desiccation of 
these oils. 

The fixed or fat oils iu general are apt to become rancid when 
kept. This is caused by the presence of traces of albuminous 
matters, which act as ferments, and cause the glycerides to be 
gradually resolved into free glycerine and free acids ; and as most 
fats contain a little of tho glycerides of some of the more volatile 
oily acids, such as butyric, caproic, valerianic, caprylio or capric 
acids, and as these acids, when free, have a strong rancid odour, 



$04 ACTION OF BASES ON FAT OILS. 

oils which have been thus decomposed become rancid. Pure 
Btearine, margarine, palmitine, or oleine, do not undergo this 
change, which is particularly apt to occur in butter, lard, and 
olive-oil, because these fats and oils all contain some albumen, 
fibrine or caseine. 

ACTION OF BASES ON FAT OILS. SOAFS ANB PLASTERS. 

When fat oils are boiled with solution of caustic alkalies, 
they are gradually dissolved in the water, if there be not too 
great an excess of alkali present, forming ropy or gelatinous 
solutions, which gelatinise on cooling. These are solutions of 
soaps, that is, potash and soda salts of the fatty acids, along with 
the glycerine set free. In order to have the soaps in a solid form, 
the solutions are boiled down, and when the alkali reaches a 
certain concentration, the soap becomes insoluble, and rises to 
the surface in a soft, half melted state. This is drawn off into 
moulds, apt! the mass formed on cooling is soap. Another method 
of causing the soap to separate from the water in which it is 
dissolved, consists in addiug sea-salt, which at once coagulates 
the soap, converting it into a soap of soda, if it be a soap of 
potash. Of course, the glycerine, in both cases, is carried off in 
the mother liquid. Such is the theory of soap-making, which is 
very simple, depending on the affinity between tbe alkalies and 
the fat acids ; on the solubility in water of the alkaline stearates, 
margarates, oleates, palmitntes, &o. ; and, finally, on the power 
of a certain amount of free alkali or of sea- salt to coagulate 
the soap and render it insoluble in the liquid in which it swims, 
and which in fact runs off its surface as water does off the sur- 
face of fat, while yet the soap retains perfectly its solubility in 
pure water. 

The soaps of lime, baryta, &c., are insoluble in wuter, and 
have no detorgeat power : hence the waste occasioned by using 
hard, that is, calcareous, water for washing. All the salts of 
lime in such water must first be entirely preoipitated in the form 
of curdy fiocculi before any soap oan be dissolved so as to act as a 
detergent. 

Thaioaps of potash are soft, compared with those of soda, which 
are called hard soaps. White soap is a stearate with some oleate 
of soda. Naples soap is oleate and margarato of potash. Common 
soft soap is chiefly oleate of potash, but as it is made from whale 
oil or seal oil, it contains also valerato of potash, derived from the 
valerine, which gives it a disagreeable smell. 

Castile soap is oleate and margarate of soda, coloured by metallic 
oxides, chiefly oxides of iron, in suoh a way as to give the desired 
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mottled appearance. Much and excellent soap is now mado of 
palm oil, and is, therefore, palmitate of soda. 

Soaps are soluble in alcohol, forming tincture of soap, which is 
an admirable liniment for bruises, and is much used along with 
laudanum, as tincture of soap and opium ; also with camphorated 
spirit, forming opodeldoc. 

Plasters are soaps of oertain metallio oxides, chiefly oxide of 
lead, which are insoluble in water, but fusible, and possess useful 
properties. Litharge plaster is made by boiling 5 parts of finely 
powdered oxide of lead with 9 parts of olive oil and some water, 
till the combination is complete. It is plastic at ordinary tempe- 
ratures, and melts when heated. When solution of acetate of 
lead is added to solution of soap, plaster, that is, oleate and mar- 
garate of lead, is precipitated. When prepared in this way it 
becomes hard. White-lead plaster, made with carbonato of lead, 
is very plastic and fusible, and is much used. Iron plaster and 
mercurial plaster are of small importance. 

Glyceryls. Co IL == Gl. 

This is the hypothetical radical of glycerine, a basic compound 
which exists in all neutral fat oils oombined witfeoily aoids. 

Hydrated Oxide of Glyceryle. Co Hi Os + H O =: Co IIs Ou. 

Srx. Glycerine. To obtain it, olive oil is converted into plaster 
by long boiling with litharge and water. When the plaster is 
completely formod, the glycerine is found dissolved in the water. 
1 1 is purified from lead by sulphuretted hydrogen, and is then 
concentrated in the vapour bath and finally in vacuo. When pure, 
it forms a viscid syrup, colourless or slightly yellow. It has a 
decided sweet taste, and its Sp. (x. is l*2o2. Ry the action of 
heat it is decomposed, yielding a peculiar volatile compound, 
acroleine , whioh attacks the eyes most powerfully. 

With sulphuric acid, glycerine forms an acid sulphate Cell? Oa, 
II O, 2 S Oa ; which forms double salts, analogous to the sulpho- 
vinates, the formula of which is, M 0, Cell? O ft , 2 S 0*. 

In contact with yeast, a solution of glycerine undergoes fermen- 
tation, yielding much propylic acid and a little formic and acetic 
acid. In this process the glycerine is dehydiated. 

Glycerine. Tropylic Acid. 

Co Ih Oc — 2 H 0 = Co Ho 0*. 

When gently heated with potash, glycerine yields acetic and 
formic acids and hydrogen. 

With anhydrous phosphorio acid glycerine loses 4 e<p of water, 
forming acroleine, C« H* Oa . 


x 
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NVith hydrated acids it unites, forming compounds, whioh may 
be called Glycerides, many of which have the properties of fixed 
oils. 

A mixture of nitric and sulphuric acids converts glycerine into 
a yellow oil', of a sweet aromatic taste, but which, when a drop is 
placed On the tongue, causes subsequently a severe migraine. 
This is nitroglycerine, a liquid so explosive, that if paper, 
moistened with one drop of it, be placed on an anvil and struck 
by a hammer, it explodes with a deafening report. It is glycerine, 
in which 3 eq. of hydrogen have been replaced by 3 eq. of X 0* , and 

its formula, therefore, is |Oo. 

ULYCKIUDKS. COMPOSITION OF THE FIXED OTPS, 

For along time it was found impossible to cause glycerine again 
to unite with the oily acids with which it had been found com * 
Lined in fixed oils, such as stcarine, margarine, or oleine. But 
Pelouzc and Gelis succeeded in reproducing butyrino, and Ber- 
th el ot has shown that nearly all acids may be made to combine 
with glycerine, the elements of water being always separated, if 
kept in contact with it at a somewhat high temperature. Or the 
acid may be added to the glycerine, and hydrochloric acid gas 
passed through the mixture. The compounds thus formed are 
called Glycerides, and are of an oily character, and neutral. They 
are saponified by the alkalies. 

The artificial glycerides commonly contain 1 eq. of acid to 1 eq. 
of glycerine ; but the natural ones often contain 3 or 4 eq. of acid 
to 1 eq. of glycerine. Some of these have been also formed artifi- 
cially. They are all named, for brevity, from the acid, as stcarine, 
oleine, &c. 

Chlorhijdnno is the hydrochlorate Co II s Go -fH Cl — 2 110 = 
Co H7 Cl O*. It is a neutral oil of a sweet and pungent taste, 
and a cooling smell, boiling at 440° F. There are, in all, three 
compounds of glycerine with hydrochloric acid. That just de- 
scribed is monochlorhydrine. Diehlorhydrine is Co Ho Cl» ()» = 
Ce U« Oa 4" 2 H Cl — 4 II 0. Epiclilorhydriue is Co II 0 C1 Oa 
= Cells Go -f II Cl — 4 R 0. The former is an ethereal neutral 
oil, boiling at 353°. The latter is a heavy ethereal oil, boilin^ 
at 256°. 

Acetifies . There are likewise three of these : 

Monacetine, Cm H 10 08= C« H« 0« -f* C* H* 0* — 2 II 0. 

Diace tine, Ci* H12 O10 = C« II« Oe 4. 2 (C* IIv 0*)— 4 If 0. 

Triace tine, Cio Hi* Oia = Co Hs Oo + 3 (0* H» 0«) - 6 H 0. 

They are neutral oils, of a somewhat ethereal odour. Some form 
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of ace tine, probably triaoetine, seems to form part of some 
natural oils, which yields some acetic acid when saponified. 

Acetochlorhydrine is a neutral mobile oil, of an odour like that 
of acetic ether. It is Cio He Cl 0« = C 6 H» 0 6 -f C* H* 0* 4- H 01 
~4H 0. 

Diethyline is formed when 1 eq. of glycerine acts on 2 eq. of 
alcohol, 4 of water being separated. It is a limpid oil, of a pun- 
gent ethereal smell, and its formula is Ci* II io Oa= Co IlaOo-b 
2 (Cj.T1«0 3 ) — 4 II 0. 

lhtty vines . There are three of these, formed in the same way 
as the acetines : 

Monnbutyrine, Ci+ Hu Oszn Co Hb Oo + C» Hs 0* — 2 H 0. 

Dibutyrine, Css }!*> Oio = C.> II» Oo + 2 (C» H» Oi)- 4 110. 

Tributyrine, (ho llwi Oia = Cn 11 b Oo -f- 3 (C« Hb Oi)~ 6 H 0. 

They are neutral oils, of a strong odour, and a pungent bitterish 
taste. Probably tributyrine is that which is present in butter in 
small quantity, and contributes to its ilavour, There- is also a 
buty rochlor 1 1 y dr i n e . 

Vale tines. There arc three of these; but as they are formed hi 
the same way as those already mentioned, from 1 eq. glycerine 
with 1, 2, and 3 eq. of the acid, and the separation of 2, 4, and 
6 cqs. of water, it is unnecessary to repeat all the details. Their 
empirical formula) arc : 

Monovalerine, Cm Hm Os. 

Divalcrine, Gao Ha* Om. 

Trivaleriuc, Cae llau O12. 

They are also neutral oils, of an unpleasant odour. Trivalerine 
appears to be the compound which gives the peculiar smell to 
train oil, cod-liver oil, and similar oils. There is also a valcro- 
chlorhydrino. 

lienzokines. Of these there are two, Monobenzoicine C 20 Hia Os , 
and Tribenzoicine Cis H 20 Oia. The former is a semi-solid trans- 
parent resinoid mass ; tlie latter crystallises iu tine needles. There 
is also a benzochlorhydrine, C 20 Hu Cl Oo . 

Camphor ine. Camphoric acid forms, with glycerine, this 
compound, not yet analysed. It is a viscid mass like thick 
turpentine. 

Myristine . This is the natural fat of the oil of nutmeg, and 
is formed by 4 eq. of myristic acid and 1 eq. of glycerine, minus 
6 eq. of water. Formula, Cim Hu* Om. 

Paimitines . There are three, formed from 1, 2, and 4 eq. of 
palmitic acid respectively with 1 eq. of glycerine, water being in 

x 2 
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eaoh case separated ; 2 eqs. |n the two first, 6 eqs. in the third. 
These oompounds are monopalmitine, Cm Has On ; dipalmitine, 
C?o H 70 Oia ; and tetrapalraitino, Cis* Hiao Oi«. They are all 
fatty oils, and the last-named is the natural fat of palm oil. 

Oleines . There are two, Monoleine, C43 II 40 Os , and Dioleine, 
C 78 H 74 Oia. The fbrmer is an oil, neutral and congealing at 
60°. The latter also orystallises about the same temperature. It 
is not precisely known what is the formula of natural oleine; pro- 
bably it is trioleiuc or tetroleine. 

Elaidine , formed from elaidic acid and glycerine, or by the 
aotion of hyponitrous acid on oleine, is a solid fat, isomeric with 
oleine s 

Margarines. Monomargarine, 0*o II w Oh, is a fat , melting at 
133°. Tetramargarine is also a fat, and seems to be the natural 
compounds It is C149 Iliaa Oio. It melts at 127° and solidities 
at 10C a . 

Stearines. Berthelot has formed three of these by heating stcario 
acid with glycerine in sealed tubes for some time. Monostoarine, 
CuIUtOs, is a neutral fat, fusible at 143°, and volatilising 
unchanged in vacuo. If kept for a long time in contact with 
concentrated hydrochloric acid at 212°, the acid and glycerine 
separate, which is tho case also with most of the artificial 
glycerides. 

Distearincy C 78 H 78 O 12 , is also a crystalline fat, melting at 
130°. 

Tetrastcarine , Ciso lln« Oie, is also a crystalline fat, and is tho 
natural stearine, It is best obtained from suet, tallow, or cacao 
butter, by acting on the solid part of thebe fats, after expressing 
as much oleine as possible with hot ether, which on cooling 
returns in solution oleine and margarine, leaving stearine, which 
is pure when its melting-point becomes constant at about 147®. 
But, as has been already mentioned, stearine has several melting- 
points, depending, no doubt, on allotropic modifications, 

Stearine, when pure, that is, the natural or tetrastcarine, is 
harder than wax, and jnay bo reduced to powder. It forms 
beautiful scaly crystals from its solution in hot ether, which 
dissolves it; but it is only sparingly soluble in cold ether or in 
aloohol. 

Sebirn , Caa H 30 Oi which is formed from \ eq. of sebacio acid 
and 2 eq. of glycerine, minus 4 eq. of water, is a crystalline 
solid. 

Ricinoleine is the chief constituent of castor oil. Its formula 
is not yet ascertained. 

Ricinelaidine is a solid fat, isomeric with tho preoeding, and 
formed from it by the action of hyponitrous acid. 
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ACROLETJnS) 

Or Ilydr&ted Oxide of Acryle, Ca II* C> 2 = C« Hs 0« — 4 H 0. 

Wo have seen that glycerine, when it combines 'with acids, 
loses 2, 4, or 6 eqs. of water, and it is probable that the true 
base or glycerine is Ca H* Oa, that is, glycerine minus 4 eqs. of 
water. 

When glycerine, or any oil containing it, is distilled, there are 
formed vapours whioh attack the eyes and organs of respiration 
most violently. These are the vapours of acroleine, Ca H* Oa , 
which is best obtained by heating glycerine with anhydrous pkos* 
phono acid. As it is very easily oxidised, it must be purilied by 
rectification in an atmosphere of carbonic acid. When pure, it is 
a limpid colourless liquid, of high refractive powers, which affects 
the eyes so painfully as to be quite intolerable. In preparing it, as 
it is very volatile, the uncondensed vapours must not be suffered 
to escape into the room, otherwise the operator must leave it ; but 
they ought to he sent into the chimney. A few drops of it, in a 
large room, will cause a whole assembly to shed abundant tears* 
with a most distressing sensation. It is a mere trace of this sub- 
stance which gives its painful pungency to the vapour of a candle 
when blown out so as to leave the wick red-hot. It has a burning 
taste. It is lighter than water, and boils at 12J°. It is rapidly 
oxidised in the air, and converted into acrylic acid, Co H* 0*, 
already described. Acroleine does not keep, even in close vessels, 
being converted either into a white amorphous, inodorous powder, 
oalled disacryle, or into a resinous mass, resin of disacryle. The 
former is probably isomeric with acroleine ; the latter is said to 
be C«o II is 0« , but this is a doubtful formula. 


Wo can now understand how heat acts on oils or fats. All 
such as contain glycerine, a large majority of them, yield acroleine, 
of which a mere trace is easily detected by the action on the eyes 
and its smell. Those which contain oleic acid, also a large 
majority of natural fat oils, yield sebacic acid, which is easily 
detected by boiling the product with water and filtering. Tho 
liquid on cooling will deposit sebacic acid, if oleic acid have been 
present. 

Tho other products are oily acids of the formylio series, which 
are volatile, water, and carbohydrogens. 

Having now described the best known radicals, and the series 
connected with them, we shall proceed to consider briefly those 
compounds the radicals of which are but little or not at all known. 
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We shall begin with an important class of compounds, namely, 
the more abundant organic or vegetable acids, not oily or fatty in 
character. 


0|MSANIC ACTUS, NOT OILY. 

1. Citric Acid. C 12 Hs On, 3 II 0 = Ci, 3 II 0. 

This acid is fouud in many vegetable juices, especially those 
of sour fruity* as the lemon, lime, orange, re-1 currant, &c. It is 
extracted by adding chalk to the acid juice, by which means an 
insoluble citrate of lime is formed. This is decomposed by 
diluted sulphuric acid with the aid of heat, and the solution, 
filtered from the sulphate of lime, gives on evaporation and 
cooling crystals of citric acid, consisting of C'i, 3 TI (> + iic i> A 
slight excess of sulphuric acid promotes the crystallisation. 

It forms large transparent crystals, very soluble in water, of 
a very strong and agreeable acid taste. A diluted solution is 
soon decomposed, becoming mouldy. By spontaneous evaporation 
of a saturated solution, crystals may he obtained, which are 
CT, 3 II 0 4- 2 aq. At 212°, these lose the 2 eqs. of water of 
crystallisation. The other crystals, above mentioned, do not 
lose water at 212 ', hut melt at 256° ; and when heated beyond 
300°, both kinds are decomposed. Heated with oil of vitriol in 
excess, citric acid is decomposed, yielding, 


From 1 eq. citric acid 

2 eq. carbonic acid 
2 eq. carbonic oxide 
2 eq. acetic acid 
2 eq. water , 


Cl 2 IIs 0,4 
Of 04 

<>- O SI 

Cs IIo Oo 

1U o a 
Cl a II* Oi+ 


In like manner, when fttsed with oaustio potash, oitrio acid 
is resolved into 2 eqs, of acetic acid, 2 eqs. oxalic acid, and 
2 cqs. water. 

When oitric acid is added to 1 i me r water, tho liquid remains 
dear, but when heatod becomes turbid, und deposits citrate of 
lime. This character serves to distinguish citric acid from most 
other vegetable acids. 


SALTS OF CITETC ACID. 

Citric acid is tribasic, and forms three series of neutral salts, 
that is, of salts with 3 cqs. of base, whether fixed base or basic 
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water. It, also forms basio salts, of the formula C7, 3 M 0 -f 
M 0 or Ci, 3 M O + M 0 + aq. These basic salts correspond 
in constitution to the two forms of crystallised acid. 

When a dry citrate, with 3 eqs. of fixed base, is decomposed 
by an alcoholic solution of hydrochloric acid, so that no more 
water is presented to the citric acid than the 3 eqs. of basic 
water derived from the hydrogen of the hydrochloric acid and 
the oxygen of the base, there are formed, from 3 eqs. dry citric 
acid, 2 eqs. of the acid with 1 eq. of water of crystallisation, and 

1 eq. of the hydrated aoonitic acid. 3 (C12 Ha On, 3 H 0) = 

2 (Ci 2 Hr, On , 3 H 0 + aq.) + C12 Jf* ih, 3 H O. This is the 
same change which takes place in citric acid wdien heated to a 
certain point, water being given otK 

Citrate of Oxide of Ethyle , Ci, 3 Ae 0, is an oily liquid of 
S}>. 0. 1*142. By alkalies it is converted into citrates and 
alcohol. With ammonia it yields citramide €12 H11 N« On, which 
is tribasic citrate of ammonia, minus (> eqs. of water. With 
aniline, citric acid yields four compounds, neutral and acid 
anilides, corresponding to neutral and acid amides and imidcs, 
although, of the latter, only citramide is known in a state of 
purity. 

Citrate of Potash occurs in threo forms. (Ji, 3X0; Ci, 
| “ jj ^ and Ci j 9 All are very soluble and crystallise 

with difficulty. 

Citrate of Soda also forms threo salts. 1 . CT, 3 Xa O -f 11 
aq. This salt forms large regular crystals. 2. Ci, 2 Xa O, II 0 ; 
formed by adding to a solution of the preceding salt half as 
much citric acid as it already contains. It forms, by evaporation, 
needles of a very pleasant subacid taste. 3. Ci, JS T a O, 2 II O. 
Formed by adding to a solution of Xo. 1 , as much- citrio acid 
as it already contains. This salt does not crystallise in water, 
hut forms a gummy mass. A saturated alcoholic solution, 
however, deposits crystalline grains. Citrate of Baryta forms 
two varieties. 1. Ci, 3 Ha 0 +* 7 aq. which falls when citrate 

of soda is added to chloride of barium. 2. 2 Ci j 0 jj a J* + 7 

aq. = Ci | ^ | j 11 q -f UI, 3 Ba 0 4- 7 aq. This is deposited on 

cooling, when a boiling solution of citrate of soda is added to a 
boiling solution of chloride of barium and free citric acid. 
Citrate of lime also yields two salts. 1. neutral , Ci, 3 Ca 0 
-f- 4 aq. formed by mixing chloride of calcium and citrate of 
soda. It is insoluble. 2. basic, OT, 3 Ca 0 4- Ca O -)*■ aq. 
formed when citric acid is heated with excess of lime-water. 
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The citrate of lime formed from lemon, or ourrant-juice, by 
chalk, is an impure mixture of the basic and neutral salts. 
Citrates of lead . _ 1 . CT, 3 Pb 0 *f aq» 2. Of, 2 Fb 0, II 0 + 2 
aq. 3. baric, Ci, 3 Pb 0 + 3 Pb 0. 4. also basic , Oi, 

3 Pb 0 + Pb 0 + aq. These are all sparingly soluble or 
insoluble^jmd are decomposed by washing. Citrate qf copper 
is basic, Ci, 3 Cu 0 + Citrate of silver is a brilliant 

white, insoluble powder, Ci, 3 Ag 0 -f- aq. It loses its water 
undf*r 80°. Citrate of antimony and potash is a double salt, 
Ci, Sba Os -f Ci, 3 K 0 + 5 aq. It forms hard, brilliant, white 
prisms, which lose their water at 212°. 

ACTION OF HEAT ON CITRIC ACID. 

The first effect of heat on crystallised citric acid is to melt it, 
and the next, to expel the water of crystallisation. The acid, if 
now dissolved, crystallises unchanged. Put if the heat be con- 
tinued, there are given off gas and inflammable vapours, and the 
residue is no longer citric acid but hydrated aconitic acid. 

When the heat is increased, other products appear, parti- 
cularly two new acids : but these are derived from aconitio acid. 
They are itaconic and citraeonic acids, 

Aconitie Acid, Ci* Ho Oia rr O 12 Its 0», 3 II 0. 

Syn. Equisetic Acid . This acid occurs native in Aconitnm 
napellus and in Equisetum Ji aviatile. It is formed by the action of 
heat on citric acid, as above. To obtain it, citric acid is heated 
till it ceases to give off inflammable vapours, and the residue, 
dissolved in alcohol* is treated with hydrochloric acid gas, which 
causes the formation of aoonitate ether. The addition of water 
causes this to separate, and by caustic potash it is converted 
into aoonitate of potash. From this acouitate of lead is pre- 
pared, and this salt, decomposed by sulphuretted hydrogen, 
yields the acid. 

It forms indistinct crystals; and tho acid thus prepared has 
the same composition as that from aconite, and that from 
equisetum. They are, in fact, identical. The aconitio acid, 
when heated, yields itaconic and citraconio acids, 

Aconitic acid, according to the present state of our knowledge, 
is tribasic, and forms, like citric acid, three series of salts, with 
1, 2, or 3 eqs. of fixed base, and 2 or 1 cq. of water in the two 
first. The aconitatcs are not important. Aoonitate of ethyl© is 
an oily liquid of an aromatic smell and bitter taste. 

When aconitio acid (from citric acid) is heated to from 350 1 
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to 392°, it boils and yields a mixture of two acids; itaconic 
acid, which condenses in crystals, and citraconio acid, which 
appears as an oily liquid. When the distillation is very rapid, 
itaconic acid predominates ; when it is slow, there is more 
citraconio acid. These two acids have both the formula Cio 
Ha 0« ss Cio H* 0 0 , 2 II 0. 

Itaconic Acid is readily purified by solution in hot water, as 
it crystallises with great facility. It is soluble in water, 
alcohol, and ether. When heated it is resolved into water and 
anhydrous citraconio acid. It is a bibasic acid, and its formula 
is as above given. The formula of its salts is Ci 0 IU 0«, 2 M 0. 
It also forms acid salts, the formula of which is CiolIuOe, 

j . The itaconates are not of special interest. 

Citraconio Acid is formed when the preceding acid is dis- 
tilled, and then appears, in the anhydrous state, as a limpid 
oily liquid. It distils unaltered at 4X0°, and volatilises slowly 
at much lower temperatures. It attracts moisture from the 
air, forming a crystalline hydrate, which, 'when heated, is again 
resolved into water and anhydrous acid. The formula of the 
anhydrous acid is Cio H* Oe = Cl : that of the hydrate, C,o H* 
On, 2 11 0 = Ct, 2 il 0. It forms, like the preceding, both 
neutral and acid salts ; and produces, with oxide of silver, a neutral 
salt with water of crystallisation ; an apparently anomalous case. 
The formation of theso two acids takes place as follows : —1 eq. 
of aconitic acid, Cm Ha Oia, yields 1 eq. itaconic acid, and 2 eqs. 
carbonic acid, 2 C 0*. The itaconic acid, when formed, is par- 
tially resolved into ivater and anhydrous citraconio acid. 

Gottlieb has recently observed, that citraconio acid, but not 
itaconic acid, yields with nitric acid a new isomeric acid, mesaconic 
acid , Cio II* 0<j , 2 II 0 ; for it, as well as the preceding acids, 
appear, from his researches, to be bibasic. Mesaconic acid forms 
minute crystals, sparingly soluble in water. Its production is 
obscure, but only part of the citraoonic acid undergoes the trans- 
formation ; another part is converted into oxalic acid, and into a 

nitrocitraconic acid , probably Cio ^ Oa , 2 H 0. The ita* 

conate, citraconate, and mesacouatc of ethyle are oily aromatic 
liquids. The last has a very pleasant odour of fruits. 

Citraconio acid, like other bibasic acids, readily forms an imide, 
citraconimide , Cio Ha N0*= N II -f Cio II* 0*. It also forms, 
with great facility, the corresponding compound with aniline, 
citraconanilc , C aa N II 9 0* = N Cia Ha 4“ Cio H* 0*; as well 
as the acid anilide, citraconanilic acid , 0** N Hio Oa, II 0. 
Itaconio acid forms the anilide, itaconanilule i Ca* Hie N a Oia 
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2 (N Cia H»), Cio ITn Ob, analogous to the amide. The tendency 
to form imides, nitryles, and compounds corresponding to these, 
'with aniline, marks the bibasio acids, while the monobasic only 
form amides and corresponding anilides. Mesaoonic acid seems 
to form compounds like those of citraconic acid, but these aro 
easily changed into the compounds of the latter, and are therefore 
difficult to study; but the numbers of amides and anilides formed 
by these isomeric acids is very great. 

Mesaconie acid, according to Pebal, forms acid salts with load, 
silver, and barium, a sufficient proof of its bibasio character. It 
forms a neutral ether, 2 Ac 0, Cxo lit 0.> . According to some, 
lipic acid, which wo have mentioned as one of the oxalic series 
of bibasio acids, is isomeric with these three acids, and its formula 
is Cio Hg Os = Cio II* Oo , 2 II 0 ; instead of Oio Us (V* = Cio 
H (} O rt ,2 II 0. The mode of preparation of lipic acid, however, 
and its occurrence with so many of the acids of the oxalic add 
series, are favourable to the’ latter-men tinned formula. 

2. Tartaric Add. Cm II* Oh., 2 H 0 = 1, 2 II 0. 

This acid occurs in the juico of the grape as acid tartiato of 
potash ; also in many other plants. It is prepared from tartrate 
of lime, exactly as citric acid is from citrate of lime. Tartrate 
of lime is obtained by the action of chalk on acid tartrate of 
potash, or cream of tartar. 

Tartaric acid crystallises in large rhombic prisms, transparent 
and colourless. They are very soluble in water, and have a 
pleasant acid taste. When boiled with alcohol, tartaric acid 
forms acid tartrate of oxide of ethylc. A high temperature de- 
composes tartaric acid, giving rise to several now products. 

An excess of potash, aided by heat, transforms it into acetate 
and oxalate of potash, Cs H* Oi 0 , 2 H O = C* H 3 0 3 , H 0 + 
2 (C a Os, II 0). By peroxide of manganese and sulphuric acid it 
is converted into formic acid, carbonic acid, and other products.. 
There is some relation between tartaric and formic acids : for if 
formic acid be Fo Oa (Fo = 0* II), tartaric acid is 2 (FogOs). 

When finely powdered tartaric acid is mixed with l.V times its 
weight of pure hydrated nitric acid, it rapidly dissolves, and if an 
equal volume of oil of vitriol be added, the mass soon forms a stiff 
jelly like starch jelly. It is placed between two porous bricks 
under a bell jar, to remove the greater part of the sulphuric acid ; 
when there is left a light silky mass, forming in the air. It is 
purified by dissolving it in lukewarm water, and cooling to 32^, 
when the solution deposits a large quantity of fine interwoven 
silky needles, which render the whole semisolid. This is pressed 
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in a funnel, when the liquid runs down, and tho crystals, which 
liavo shrunk remarkably, are dried by pressure in bibulous paper. 
They are nitro tartaric acid, and appear to bo formed by the com- 
bination of tartaric acid with nitric acid. 

The new acid is very unstable, and when its solution is left to 
itself, or acted on by sulphuretted hydrogen, or made to combine 
with bases, anew acid is formed, which appears to be homologous 
witii malic acid. There is first, formed an acid, not yet analysed, in 
largo crystals, which, when heated, yields another crystalline 
acid, Cm H fc Oi 0 . This would be homologous with malic acid, 
which, ns we shall see, is Cs Ho () 10 . The salt of silver of tlio 
new acid is Co H* 0 8 , 2 Ag O, so that it appears to be bibasie, as 
malic acid is. 

Tartaric acid precipitates lime-water white, but an excess 
dissolves the precipitate. In solution of potash, if tho acid be 
added in excess, it causes a crystalline deposit of cream of tartar, 
which, where the potash is in very minute proportion, is rendered 
more visible by the addition of alcohol. 

Tartaric acid is a bibasie acid, and forms two series of salts : 
1 . neutral , X, 2 M 0 ; 2. acid, T, M 0, 11 0. It forms also two kinds 
of double salts : in one the 2 cqs. of fixed base are different prot- 
oxides, T, {Jfg; in the other, one of the equivalents of fixed 

. This 

in* 0 3 


base is replaced by 1 cq. of a sesquioxide ; T, 


latter kind may bo considered basic, since the sesquioxide, m a 
O.i , usually neutralises as much acid as 3 cqs. of protoxide. 
Tartaric acid is remarkable for its tendency to form double 
salts. 


Among the neutral tartrates arc, tartrate of ammonia , T, 
2 X lit, 0 -f 2 aq. ; tartrate of potash, or soluble tartar, T, 
2 K O ; tartrate of soda, T, 2 Xa 0 + 4 aq. ; tartrate of lime, T, 
2 Ca 0 4- 8 aq., <&c, &o. 

Among the acid salts are, acid tartrate of ethyle, or tnrtrovinic 
acid, T, Ac 0, HO — a crystallisable compound: acid tartrate of 
potash, or tartar, T, K 0, U 0. This is the principal compound 
of tartaric acid. It exists in tho juice of the grape, dissolved by 
the aid of tho sugar present, and when that sugar is converted 
into alcohol, in which the tartar is insoluble, it is deposited on 
the sides of the fermenting casks. When purified it is quite white, 
and is called oream of tartar. It is much used in medicine as a 
safe and mild laxative. When calcined in a oovered orueiblfe it 
leaves a mixture of carbonate of potash and charcoal, called black 
flux. Hence carbonate of potash is called salt of tartar. Like all 
tho tartrates, cream of tartar, when heated, gives off a very 
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peculiar smell of burnt vegetable matter, peculiar to tartaric and 
racemic acids and their salts. 

Among the very numerous double tartrates may be men- 
tioned the tartrdte of potash and ammonia , T, K 0, N II* 0 : 
the tartrate of potash and oxidejf ethyle, T, Ae 0, KO; tartrate 
of potash and hordcic acid 1, KO, BOa; this is the soluble 
cream of tartar usedas a laxative on the continent : — tartrate 
of potash and soda t T, K 0, Na 0 + 10 aq. This is the salt of 
Seignette or Rochelle salt. It crystallises in very large trans- 
parent prisms, and is used as_a mild laxative: — tartrate of 
potash and peroxide of iron ; T, KO, Fe* 0»; this is tho tar- 
tarised iron^ of the pharmacopoeias ; tartrate (f potash and 
antimony ; T, K 0, Sba Os . This is tartar emetic , one of tho 
most valuable remedies* It must be considered as a basic salt ; 
for Sb* Os, hero substituted for TI 0 or K O, in short for a prot- 
oxide, requires for its neutralisation an additional equivalent of 

tartaric acid. It then yields the compound 2 1 

which is neutral, since the bases contain 4 eqs. of oxygen for 
2 eqs. of acid. 

Tartar emetic is formed when 3 parts of oxide of antimony and 
4 of cream of tartar are ground together, and made into a thin cream 
with water, which is heated to 1 38°, till a portion, tried separately, 
dissolves in 13 parts of cold water. When this is tho case, 6 oi 8 
parts of water are added, and the whole boiled for half an hour. 
The liquid, filtered white hot, deposits, on cooling, crystals of 
tartar emetic. It forms white brilliant crystals which soon 
become opaque. It is soluble in 14 or 15 parts of cold water and 
2 parts of boiling water. Tho crystals aro i, K 0, Sba Oj, -f 
2 aq. 

When heated, the crystals first loso the 2 eqs. of water of 
crystallisation ; and when the heat rises to 31)0°, 2 more eqs. of 
water are given off, without the aoid being destroyed. The salt 

is then Ca H* Oio -f j That is to say, 2 eqs* of oxygen, 

from the oxide of antimony, have been oxpelled along with 2 
of hydrogen from the acid. It has been already shown that 

S K O 

Sba Os * con ^ ns ^ eqs. of oxygen 

in the bases, more than is required for a neutral salt ; and it is 
apparently these 2 eqs. of oxygen which are thus expelled as 
water. If we bear in mind that Sba 0 8 is the equivalent of 
3 K 0 ; or in other words, that SbJ is equivalent to K or to II, wo 
can then see that tho tartar emetic heated to 390° is analogous in 
composition to neutral tartrate of potash* 
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Tartrate of potash is . , Cs H* O ia -f Ka 
Tartar emetic, heated to 390 °, is, O* ^ O12 + ^ 

In this point of view the 2 Sb are divided, * Sb replacing 
hydrogen in the radical, and J Sb replacing potassium in the 
base, 

! tc o 
Sb 0 ^ 

aq., is always formed in the mother liquors of tartar emetic. It 
is also formed when tartar emetic is dissolved in tartaric acid. 

Tartar emetic forms a double salt with cream of tartar, T, 
K 0 , Sb* O3 -f 3 (T, K 0 , II 0 ). It orystallisea in scales. 

ACTTON OP HEAT ON TAItTAKIC ACID, 

When tartario acid is heated, it melts, and gives rise to several 
curious acid products, most of which are isomerio with the acid. 
That first formed, at 350 * F., is mctatartaric acid , Cs Ho Oia , 
When the heat is continued, this changes to isotartar ic acid , 
C» Ila Ota . The former of these acids is bibasic, and its salts 
resemble those of tartaric acid, but are more soluble. The latter 
is monobasic, so that its neutral salts have the same composition 
as tho acid tartrates. The heat being continued, the isotartario 
acid loses water and forms the soluble anhydrous tartaric acid y 
Cs IH 0 iq ; and a higher temperature converts this last into an 
insoluble modification of the anhydrous acid. Lastly, a still 
greater degree of heat causes the formation of pt/roiartaric acid % 
(J10 11 s 0 » , and of pyruvic acid , Ca H* 0<*. The former of these 
acids is bibasic, the latter monobasic. It is unnecessary to enter 
into minute details concerning the salts of these aoids, but the 
reader will find what is known of them in Gerhardt’s Organic 
Chemistry, 

When the tartrates, especially tartrate of lime, are made to 
undergo fermentation, by contact with water and a ferment, there 
is gradually formed a large quantity of propylio acid, Co Ho 0 * , 
which is found in the residue as propylate of lime. 

Paratarturio or Racemic Acid, Co II 0 O12 , 2 aq. 5= C# IIa O10 , 
2 II 0 -f 2 aq. 

This is another isomerio form of tartaric acid, which occurs 
along with it in the juice of the grape, and as the acid parataitrate 
of potash is more soluble than the bitartrate, the former salt 
accumulates in the mother liquids of cream of tartar. When 
separated, the acid crystallises w ith 2 eqs. of water of crystallisa- 
tion, whereas tartaric acid crystallises without any water in this 
form. The crystals of paratartaric acid lose their water of crys- 
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tallisation at 212°, and when further healed, yield the same 
products as tartaric acid. This acid is less soluble in water than 
tartaric acid, so that, in a solution of Loth, the paratartaric acid 
is first deposited. 

The salts of this acid are very similar to those of tartaric acid, 
but yet distinct. Neither the acid nor its salts have any action 
on the plane of polarisation. 

There is still another isomerio modification of tartaric acid, 
which is called passive or inactive tartaric acid, because it also has 
no power to cause the piano of polarisation to deviate. 

Now tartaric acid and its salts possess this power in a high 
degree, and it is chiefly in this., and in the form of the crystals, 
that the different modifications can be distinguished from one 
another. 

Common tartaric acid and its salts form hemihedral crystals, 
all of which have the faces developed on one side, and they cause 
the plane of polarisation to deviate very strongly to the right. 
Hence this acid has been called dextrotartaric or doxtroracemic 
acid. 

We havo seen that paratartaric acid has no action on the plane 
of polarisation. But when we form the double puratartratc of 
soda and ammonia, large and fine crystals arc obtained, all of 
which are hemihedral, and they are found to be no longer para- 
tartrates but tartrates, for they have a powerful action on the 
plane of polarisation. 

But the remarkable fact is, that these crystals are of two kinds, 
one hemihedral to tho right, and causing deviation to the right, 
the other hemihedral to the left, and causing deviation to the 
left. These crystals are in all respects, but these, identical, 
but they cannot bo superposed ono on tho other ; being sym- 
metrical, they are so related, that if one be held before a mirror, 
tho imago will represent the other corresponding. 

Now if these crystals be separated, and the acid extracted from 
each, it will be found that the acid from tho right-hand crystals 
also form right-hand crystals, and that from the left-hand ones 
yield left-hand crystals. 

The former are crystals of common or dextrotartaric acid, the 
latter are those of left-hand or luevotartarie acid, which makes ono 
more isomeric form of tartaric acid. 

We now see that, while common tartaric acid is dextrotartaric 
acid, paratartaric acid is a compound of it with an equal weight 
of Imvoiartaric acid. And when it is converted into the double 
salt of soda and ammonia, paratartaric acid splits up into tho two 
acids, dextrotartaric and lmvotartaric acids, each of which fur ms 
its own double salt, the one dextrohemihedral, the other lmvohemi- 
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hedral. Wo see also how paratartaric acid has no action on the 
plane of polarisation. In fact, if we mix concentrated solutions 
of dextro tartaric and lmvotartaric acids, heat is disengaged, and 
a crystalline deposit is formed, which is found to be pure para- 
tartaric or racemic acid. 

The paratartrates have the same formulae as the tartrates, and, 
as already mentioned, resemble them in the highest degree. Wo 
need not therefore repeat these formula?, but it may here bo 
mentioned, that the paratartrates are never hemihedral, and have 
‘no action on the piano of polarisation. It is only when, as in the 
case of the double salt of soda and ammonia above alluded to, the 
acid is resolved into its constituent acids, that hemihedral crystals 
are obtained, and these are no longer paratartrates. 

Melutartarw Acid has the aspect of a transparent gum, and is 
very deliquescent. It forms salts which have a different form 
from that of* the corresponding tartrates, aud are much more 
soluble. In the fused state, it causes a powerful deviation to the 
right, but loses that property when solidilied. It is bibasic. 

I so tartaric ^ Icid also forms a transparent vitrous mass, very 
soluble and deliquescent. It appears to be monobasic, so that its 
neutral suits have the composition of the bitartrates, Calls On 

MO = Cs \U 0 10 " t ( ( | ]. 

It is to Pusteiff that we are indebted for our present knowledge 
of the very remarkable physical and optical characters of the 
various modifications of tartaric acid. Ilis researches have 
opened up a new held of investigation, for they show in a very 
marked way the extent to which the physical characters of a com- 
pound may bo altered without any change in its composition; a 
result which can only be accounted for by some change in the 
position or arrangement either of the molecules or of the atoms 
forming these molecules. The acids of this section may bo summed 
up as follows : — 

Anhydrous tartaric acid, soluble = Cs lit Oi<>. 

Anhydrous tartaric acid, insoluble == Cs II* Oio. 

Dcxtrotartaric acid, Cs Ho Oiu = Cs II* Out, 2 H 0. 

Luwotartarie acid, Cs llo Oia ~ C« H* Oi«, 2 II 0. 

Paratartaric acid, Cs llo Oia Cs II* Ou>, 2 II 0. 

Meta tartaric acid, Cs Ho Oia = Cs H* Oio, 2 II 0. 

Iaotartaric acid, Os Ho Oi a = Cs Ho On, II 0. 

Tartaric and Paratartaric acids both form compounds with the 
oxides of ethyle and methyle. Some of them are neutral, others 
acid ethers, corresponding to tlio neutral and acid salts with iixed 
base. 
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Tartaric acid forms also two amides ; one neutral, tartramide, 
C» He Os, which exhibits a right-hand and left-hand form; 
and the other acid, tartramic acid, Cs H 7 N O 10 . 

Pyrotartaric Acid , C 10 Hg Os = Cio Ho Oo , 2 H 0. f rhis acid, 
which has been already alluded to as probably being one of the 
oxalic series of bibasic aoids, is formed when tartaric acid is 
distilled. It is best obtained, however, by distilling cream of 
tartar. The product consists of an oily and ati aqueous liquid. 
The latter, filtered and evaporated, yields tho acid in crystalline 
grains. The operation is more productive, if the tartar of 
tartaric aoid l>c first mixed with powdered pumice-stone. 

Pyrotartaric acid is bibasic, and its salts are Cio 1U Oo, 2 M O 

or Cio H« q | . The pyrotartrate ofothylo, Cm IloO», 2 Ae 0 
is an aromatic oily liquid. 

Pyruvic Acid , Co II* 0® = Co Ilg Os, II O. This acid is al«*o 
found in the distillation of tartaric acid or of tartrates along with 
acetic acid, pyrotartaric acid and oily liquids. When pure tho 
pyruvic acid forms a syrup, which docs not crystallise. It is very 
acid and also acrid and bitter ; it may be distilled, but is par- 
tially decomposed in tho process so as to become brown. It is 
soluble in water, alcohol, and other. Its salts have the formula 
Ca H 3 Oo, M 0. Many of them crystallise well. It seems to form 
an acid salt with soda, which would seem to^ndieato that the 
acid is bibasic , 4 The pyruvates oommonly exist in two forms, on 0 
crystalline, the other gummy. The crystalline form is changed 
into the other by a gentle heat. 

4, Malic Acid. Cs H* Os, 2 II 0 = M, 2 II 0. 

This acid is of very frequent occurrence in acid fruits, as in 
the apple, and especially in the unripe berries of Sorb us aucuparia t 
or mountain-ash. The best method of extracting it is to express 
these berries when they begin to turn red, and to add to the 
strained liquid a thin milk of limo so as not entirely to neutralise 
the acid. On heating, neutral rnalate of lime separates, and is 
romoved by a skimmer. To the mother liquid more milk of lime 
is added cautiously, so as to produce an additional quantity of 
salt. The malate of lime is washed with cold water, and dis- 
solved with the aid of heat in a mixture of 1 part of nitrio acid, 
and 10 of water. On cooling, aoid malate of limo is deposited 
in regular crystals, which are almost always colourless. They 
are rendered quite pure by a solution in hot water, and crystal- 
lisation. From this salt by the addition of acetate of lead, 
malate of lead is precipitated as a curdy white solid, which, if 
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left in the liquid, changes into shining silky crystals. Those, 
which are pure malate of lead, being decomposed by sulphuretted 
hydrogen, yield the acid, which, when evaporated to a syrup, 
forms a granular crystalline mass, doliquoscont in the air, of a 
strong but agreeable acid taste. When the crystallised acid is 
kept for some time at a heat of 280°, it melts, and the melted 
acid is gradually filled with crystals. Cold water removes the 
unchanged malic acid, which, if again heated, undergoes the same 
change, till at length all the malic acid is converted into these 
crystals, which arc paramabic or fumaric acid . 

If malio acid be distilled by a sharp heat, a great part passes 
over in the form of a volatile crvstallisable acid, the maleic acid. 
At a certain period of the distillation, if the retort be removed 
from the tire, the boiling residue having become turbid and thick, it 
suddenly becomes quite solid, and is found to consist of fumario acid. 

Malic aeid is bibusio ; in proof of which, it forms acid salts with 
lime, magnesia, and oxide of zinc, which monobasic acids never 
do. There are two series of initiates: 1. neutral , M, 2 M O; 2. 
acid, M, M O, II O. Most of the malatcs are soluble in water, 
but not in alcohol. Lime water neutralised by malic aeid con- 
tinues clear, whether cold or hot, which serves to distinguish it 
from tartaric, citric, racemic, and oxalic acids. 

Acid Malate of Ammonia , M, N II 4 0, H 0, is best formed by 
neutralising with ammonia one of two equal portions of malic 
acid (as prepared from the crude malate of lead by diluted 
sulphuric acid), and then adding the other portion and evapo- 
rating to a syrup. On cooling, large and very regular crystals of 
the aeid salt arc deposited, which are easily decolorised by animal 
charcoal. This is an excellent method of purifying malic acid, 
when it is much contaminated with other substances. Acid malate 
of lime, M, Ca 0, II O | 6 aq., is prepared as above described. 
It- forms very regular and pure crystals, soluble in their own 
weight of boiling water, but requiring 20 parts of cold water. 
AVhon malic acid is saturated with chalk, an aeid liquid is 
obtained, which, when boiled, deposits the neutral malate of lime, 
31, 2 Ca O. The malate of lead M, 2 Pb 0 -f 6 aq. is' remarkable 
for changing when left in the liquid in which it has been formed, 
from a curdy white precipitate to a mass of lino silky needles. In 
hot water this salt melts into a mass like pitch in consistence. 
Acid malate of copper, Al, Cu 0, H O -f* 2 aq., forms splendid 
largo crystals of a line cobalt blue colour. There appears to he a 
basic nuilatc of copper, M, 2 Cu 0 -j- Cu 0 -f 6 aq., which forms 
green cry s tuls. Malate of silver, M, 2 Ag O, is a white powder, 
soluble in boiling water. The other inalates are ana^gous to 
these, and possess little interest. 
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Malamide , C» N* Hio Oa . This substance, which occurs in 
asparagus, and in Althcea officinalis , has been called asparagine . 
It is formed from noutral malate of ammonia, as follows, Cs Hi 
0$, 2 N Hi 0 = 2 II 0 ■+• C» Na Hxo Os. It is best obtained 
from vetches or pease, grown in the dark, or etiolated, by 
evaporating the expressed juice, when it forms largo transparent 
crystals. When acted on by liyponitrous acid, it yields malic acid, 
thus : Cs Na Hio Os 4- 2 N Os « 4 II 0 + N* + Cs H* Os, 2 H 0. 

Malamidic Acid, CsN H 7 O 8 . Syn. Aspartic Acid. This com- 
pound is formed along with ammonia when malamide is boiled 
with potash or with acids. Its origin from malic acid is similar 
to that of all acid amides. Acid malate of ammonia, losing 2 eqs. 
of water, yields malamidic acid. (Cs 1I 4 0 8 , II 0, Nib O) = 
2 II 0 + Cs N H* Os. This compound also yields malic acid, 
when acted on by hyponitrous acid. CsN If 7 Os-fNOarrHO-f 

Ns+ C 8 II*0 8 , 2 11 O. 

Maleic Acid , Cs II* 0 6 , 2 II 0 =s STa, 2 H 0, is prepared as 
above mentioned, by distilling malic acid. This acid is bibasic, 
but has the same composition, in 100 parts, as aconitio, or equi- 
setic acid. It forms crystals, which are very soluble in water, 
alcohol, and ether. When heated sharply, it yields water, and 
a white Volatile solid, melting at 134°, and boiling at 3d0°, 
which appears to be anhydrous rnuleio aoid. When the hydrated 
acid is kept melted lor some time, it is changed, exactly as malic 
acid is, into fumaric acid. Hydrated maleic acid has precisely tho 
same composition as anhydrous malic acid, which at once explains 
its formation. 

When heated more strongly, maleic acid loses water, and is 
converted into anhydrous maleic acid, C« I la 0 0 . 

The^ general formula of its salts is lla, 2 A1 0 for the neutral, 
and Ala, M 0, 11 0 for the acid maleates. It forms ail acid 
maleate of silver , Ha, Ag 0, R 0. 

Fumaric or Paramalcic Acid , 0*II a 0«, 2 H 0 s= Fu, n 0, is 
formed as above stated, by heating either malic or maleic acids to 
their melting-point, and keeping them melted for along time. It 
occurs in Fumana officinalis , and in Iceland moss. It forms 
micaceous scales requiring 200 parts of cold water for solution. 
It is soluble iu alcohol. 

It is a bibasio acid, isomeric with maleic acid, and which at once 
explains its formation from malic, or from maleio acid. Its salts 
are sparingly soluble. The fumarate of oxide of ethyle is a heavy 
oily liquid of an aromatic smell of fruits. When this ether, Tu 
2 Ae 0, is acted on by aqua ammonite, it forms a white insoluble 
powder, which is fumaramide, Cs fl 0 N. 0* . This body has all tho 
characters of a compound amide. 
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When the bimalate of ammonia is heated, there is formed a 
brick-coloured powder, which seems to be fumarimide , C 8 II 3 N O* . 
By the action of boiling hydrochloric acid, this substance is con- 
verted Into aspartic acid* 

Malic acid, like tartario acid, exists in two isomeric, or rather 
allotropic modifications, which agree in chemical characters, but 
differ in regard to polarised light. The active or common malic 
acid, causes deviation of the plane of polarisation to the left. 
Its salts cause deviation, some to the right, others to the left. 
The inactive malic acid, or passive, as it is also called, has no 
action of this kind. 

Malaraide, or asparagine, and malamidic or aspartic acid, also 
cause deviation, hut with asparagine, it is to the left when 
dissolved in water or alkalies, to tho right when dissolved in acids. 
The aspartic acid has two allotropic forms, active and passive. 
That formed from asparagine deviates to tho left or right, 
according as it is dissolved in bases or in acids. The passive acid, 
which is formed by heating binmlato of ammonia to 392°, and 
boiling tho residue with hydrochloric acid, has no action on the 
plane of polarisation. 

When malate of limo, maleate of lime, or asparagine (malamide) 
are allowed to ferment, in contact with water and yeast, succinic 
acid is formed. 

From malic acid, it is thus formed : — • 

Malic Acid. Succinic Acid. Acetic Acid. 

3 (C» Ho O 10 ) = 2 (C« Ho Os) + C* H* 0* -f 4 C 0* + 2 H 0. 

Tho other processes are explained as easily. Asparagine yields 
succinate of ammonia by taking up water and hydrogen, derived 
from a portion that is destroyed. 

Asparagine. Succinate of Ammonia. 

C« Hs Ni 0# + 2 H 0 + Ha = Co H* Ou, 2NH.0. 

The maleic acid probably first takes tip water, and is reconverted 
into inalio acid, which then ferments. 

Under certain circumstances, the fermentation of malate of 
lime yields, not only carbonic acid, but hydrogen gas, and the 
succinate of lime, if kept in contact with the ferment, also exhibits 
this result. This is due to a different fermentation, in which 
cither malic or succinic acid is converted into butyric acid. 

Malic Acid. Butyric Acid. 

2 (C» Ho Ou.) = Co Ho 0. + 8 C 0. + H.. 
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Succinic Acid, Butyric Acid. 

3 (0. H« Ob) = 2 (Ob Ha Ob) + 8 C (h -f Ha. 

By this proocss, succinic acid may bo obtained in any quantity 
from the impure malate of lime, as it is got by heating the juice 
of the mountain-ash berries with milk of lime ; and if required, 
butyric acid might also be thus procured in abundance. 

fl. Tannic Acid. C.u Uss On*. 

Ny>\ Quercitannic Acid. Gulhtannic Acid. Tannine. This 
acid occurs chiefly iu oak-bark and in nut-galls, an excrescence 
on oak leaves caused by the attacks of an 
insect, whioli apparently pierces the leaf in 
order to deposit its eggs. It has lately 
been stated that the tannic acid of oak- 
bark differs from that of nut-galls, and 
does not, like it, yield gallic acid. 

To obtain it, coarsely-powdered nut- 
galls are acted on, in an apparatus of dis- 
placement, by ether, free from alcohol, 
but saturated with water. When the 
ether, after bring left some time in con- 
tact with the powder, is allowed to drop 
into the lower vessel, it separates into 
two strata of liquid, the lower of which 
is a pure solution of tannic acid in water, 
which is drawn off and dried up after 
being washed with other. Tlio dry mass 
is re-dissolved in water, and again dried up in vacuo. 

Tannic acid thus obtained is nearly white, and not at all crys- 
talline. It is very soluble in water, and has a most astringent 
taste without bitterness. It is soluble in weak alcohol, hut hardly 
soluble in ether. The aqueous solution, if exposed to the air, 
absorbs oxygen, produces an equal volume of carbonic acid, and 
is converted into yallic and elhtyic adds. The addition of the 
mineral acids to a solution of tannic; acid, oauaes a precipitate, 
which is composed of tannic acid and the acid employed (sulphuric, 
&e.), and which is very soluble in pure water. The precipitate 
formed by sulphuric acid, in a hot solution, disstdves in hot 
diluted sulphuric acid, and when this solution has been boiled a 
short time, it contains no tannic acid, the whole being converted 
into gallic acid and grape sugar. 

Tannic acid combines with animal gelatine, forming an inso- 
luble curdy precipitate. A piece of prepared skin, introduced 
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into a solution of tannio acid, absorbs the acid, and is converted 
into leather. When heated, tannio acid is converted into meta- 
gallic and pyrogallio acids. 

Tannic acid and its salts strike a deep blue, nearly black colour 
with persalts of iron ; and it likewise causes a precipitate in the 
solutions of most of the vegetable bases. 

The composition of the salts of tannic acid is but little known. 
That of ammonia appears to contain 1 eq. of base, while those of 
potash, soda, and baryta seem to contain 2 eq., and those of iron 
and had 3 eq. of base for the above formula, CVi, &c. It is 
possible that tannio acid may be tribasio, in which ease we may 
havo three kinds of tannates, Cm Hai O33, M 0 ; (,'5* Hao O32, 
2 M 0 and Oa* II iu O31, 3 M 0 ; and the acid itself may be 
Cot Hio 0 3 i, 3 H 0. The salts with 1 and 2 eq. of iixed base may 

of course also be written Ca* Hi u 0 3 i, o^pp q j aad Cw Hi» Oai> 

^ Hoj ’ this i* still doubtful. 

The most interesting fact yet known in the history of tannio 
acid is its resolution — when its solution is exposed to the air, or 
more rapidly when boiled with diluted sulphuric or hydrochloric 
acids — into gallic acid and glucose, or grape sugar*. This trans- 
formation is easily explained, for 


Tannic Acid. Gallic Acid. Glucose. 

Cat H22 Oa* -f* 8 II 0 ~ 8 (Ci* Hu Oiu) -j- Cia H12 O12. 

This is a kind of fermentation, but it is not promoted— -indeed, it 
seems rather to be retarded — by the addition of yeast or other 
ferments. The infusion of nut-galls seems to contain some ferment 
whioh assists in the change, but that infusion, like a solution of 
pure tannio acid, absorbs oxygen, and gives off carbonic acid, and 
we do not yet know how these facts are connected with the pro- 
duction of gallic acid and glucose. When, by exposure to air, this 
change has taken place, yeast and other ferments then cause the 
glucose to ferment, yielding alcohol and carbonic aoid. The 
accuracy of the equation above given of the transformations of 
tannio acid is proved by the proportions of gallic acid and of 
glucose obtained ; for we get 87 parts of gallic acid and 22 of 
glucose from 100 of tannio acid. 

The uses of tannic acid are important. In oak-bark and sumach 
it is used in the manufacture of leather, which is animal membrano 
or gelatine combined with tannic acid. Mixed with salts of iron, 
the tannic aoid of nut-galls yields ink. Pure tannic acid, as well 
as nut-galls, is used in medicine as a powerful astringent. 
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6. Gallic Acid. Cu Ho Oio = Cu H a Or, 3 H 0. 

This acid exists in tho seeds of mango, and is formed as above 
desoribed by the decomposition of tannio acid. The best method 
is to boil tannic acid with sulphurio acid diluted with 8 parts of 
water, or to keep it near the boiling point for some hours, replacing 
the water whioh evaporates. The liquid, on evaporation, yields a 
large crop of crystals nearly pure, on cooling. When coloured, 
gallic acid is purified from colouring matter by combining it 
with oxide of lead, and decomposing the gallateof lead, suspended 
in water, by sulphuretted hydrogen; the sulphuret of lead acts as 
a decolorising agent. 

Pure gallic acid forms beautiful prisms of a silky lustre, and 
a slight yellowish colour, of the formula 0; * H» 0 7 , 3 II O -f 2 aq. 
It is sparingly soluble in cold water, requiring 100 parts, hut 
dissolves in 3 parts of boiling water. Solutions of tho acid and 
its salts strike a black colour with per salts and protopersalts of 
iron. Whon exposed to the air, the solution of gallic acid absorbs 
oxygen, and becomes dark- coloured ; this change is very rapid in 
the presenoe of alkalies, so that tho alkaline gallates, especially if 
the alkali be in excess, are rapidly decomposed, and become nearly 
black. 

When dissolved in hot oil of vitriol, and precipitated from 
the cold solution by water, gallic acid is obtained in a peculiar 
form, called rurtgallic acid, which is (h* Hi, Os, that is, gallic 
acid, minus 2 H 0. This acid is a reddish-brown crystalline 
powder, which might be used in dyeing, as it yitdds colours on 
cloth like those from madder. When heated it forms a subli- 
mate of fine red prisms, which call to mind alizarine, tho 
crystalline matter found in madder. 

By the action of heat, crystallised gallic acid yields, like tannic 
acid, pyrogallic and mctagnllic acids. 

The gallates arc little known. As in the ease of other tribasic 
adds there are salts with 1 eq., 2 oq., or 3 cq. of fixed base. 
Tnere are also acid salts and basic salts; but they are very easily 
decomposed by the action of the air. The recent investigations 
of Buchner, jun., have shown that both tho taunates and gallates 
are in some respects anomalous, and require further study. 

When tannic, or gallic acid, is heated by a sharp fire, carbonic 
acid, water, and pyroyaliic arid distil over, whilo a dark solid 
remains in the retort, which is metnyattic acid ♦ 

Pyroyaliic Acid , Ci 2 Ho 0«, is best obtained by heating the 
aqueous extract of galls in the same way as gum benzoin is heated 
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to yield benzoio acid. The crystals collect on the upper surface of 
the paper diaphragm, quite pure. It forms shining scales of a bitter 
and astringent taste ; fusible at 240°, volatile at 410 \ It is con- 
verted by a stronger heat into metagallic acid. It is formed from 
gallic acid, by the loss of 2 eq. carbonio acid. If aoid at all, it is 
a very feeble acid, and in an alkaline solution it absorbs oxygen 
very rapidly, so that it may be used for the analysis of air. 
Pyrogallic acid is also used in photography. 

Metagallic Acid, C 12 Hs Oa, II 0 ? C 2 * Hs Os? is produced as 
above mentioned from tannic, gallic, and pyrogallic acids. It is 
a black powder, insolublo in water, soluble in alkalies. Of its salts 
little is known. It differs from pyrogallic acid only by the elements 
of water. 

When an infusion of nut-galls has been so long exposed to 
the air, that all tannic acid 1ms disappeared, the gallic acid is 
found mixed with an insoluble, or sparingly soluble powder, 
which is a new acid, ellagic acid. Its composition is. O 23 Ho Oic 
+ 4aq., and when dried at 240°, Gas 11 <j Om = Cas II* Oi* , 2 II 0. 
It has not been much studied, and we do not know its actual 
atomic weight. When boated, it yields greenish yellow vapours, 
which condense into crystals of the same colour, insoluble in 
water, alcohol, or ether; soluble in sulphuric acid and in alkalies. 

This acid is said to occur in the root of tormentilla vulgaris : 
and is also the chief constituent of bezoar stones, which are a 
species of animal concretion. It seems to be a bibasic acid, but 
its salts are little known. 

Tannic acid, and the substances derived from it, occur in a 
good many plants, besides those of the genus querem ; the 
infusions of all of which are recognised by their striking a bluish- 
black with pcrsnlts of iron. Rut the astringent taste, and the 
property of tanning, or combining with animal gelatine, are 
found in many plants, such as cinchona, kino, eateclm, pinus, &c. 
These are distinguished by giving, with persalts of iron, either 
a dark green or a grey colour. It has not been proved that 
they contain tannic acid, but Geiger has shown tint these 
different colours may occur even when the same tanning prin- 
ciple is present, and that the green is owing, at all events 
frequently, to the presence of free acid, while the addition of 
chalk, in some cases, changes the green to the characteristic 
bluish-black due to tannic acid. There are, however, some 
reasons for admitting more than 0110 tanning or astringent prin- 
ciple, and it is supposed by some that there are several different 
tannic acids homologous with each other, which is far from 
improbable. The whole subject requires investigation. 
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Catechu. Mimotannic Acid. 

When catechu, the dried extract of mimosa catechu, is acted on 
by cold water, it yields a soluble matter very similar to tannic 
acid, if not identical with it when pure. It is, however, 
contaminated by some compound which causes it to redden 
when exposed to air. It docs not appear to yield the same 
products when heated, as tonnio acid does; but this is uncer- 
tain, and may be caused by the presence of impurities. Berzelius 
proposes to call this tannic acid mimotannic acid, from mimosa , 
to distinguish it from the tannic acid of galls, which ho calls 
quercitannic acid, from quercus. 

The portion of catechu insoluble in cold water contains a 
peculiar compound, called catechine or tauningenic acid. It is 
soluble in hot water, and w r hen pure forms a white silky crys- 
talline powder, which is said to bo composed of C15 1 I 0 Oe. 
When heated, it is said to be transformed into (mimo ?) tannic 
acid. By the action of caustic potash it yields a black acid, 
japoyiic acid, Cia il* O4, II O? Carbonate of potash converts 
it into a red acid, rubinic acid, Cis II* O* (r) in the anhydrous 
state. The hydrated acid is said to have the same composition 
as japonic acid, possibly therefore Cis He ()*? But as the 
japonic acid, on the same authority, Svauberg, in combining 
with silver forms a salt C a> H» O7 , Ag O, in which 2 eqs. of the 
acid ha vo lost 2 eqs. of water and gained only 1 eq. of oxide of 
silver, it is evident that our knowledge of these compounds is 
very imperfect. 

ltochleder has shown that in coffee, tea, and other plants of 
the family of the Itubiacem, thero exists a remarkable series 
of acids, 

Caffeotannic or Caffeio acid, Cu IIb Or is found in coffee, and 
has some resemblance to tannic acid. V iridic acid, Cu ll 7 ()», is 
also found in coffee aud in Paraguay tea. Boheie acid, Cu lioOs , 
occurs in tea, and is also in some respects similar to tannic acid. 
How, all these plants produce caffeine, aud, as will be seen under 
the head of caffeine, that body contains a group with C12 . The 
above acids seem to contain also such a group, C12 II* 0 », which 
coupled with formic aldehyde, with formic acid, and with oxalio 
acid, foixns these acids. 

Cw Ho Os + Ca Ha 0?sr Cu Hs O 7 
Ci* He Os + Ca H 0 3 = Cu IB 0 8 
Cia lie Os + Ca Oazn Cu Ho Ob 

It is worthy of remark that caffeine appears to contain 
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cyanogen and methyl amine, both closely related to formic acid. 
The same family of plants yields another series of acids, hitherto 
little studied, with C u Us and a variable amount of oxygen, 
but not resembling tannic acid. Both series readily lose 2 eqs. 
of carbon in some form, and probably therefore contain a group 
with C 12 . There is a third series of acids, with C 12 , found in 
this family, as citric acid, Ci» Ha On , 3 II 0, and chinovio acid, 
(ha H» O 3 , 3 11 0. Lastly, this largo and important family 
yields bodies like quinine, cinchonine, and alizarine, &c., with 
20 eqs. of carbon. It appears that Itochleder has modified the 
formula) above given, and now makes cafleio acid, Cas HwOa, 
while Gvrhardt proposes for it the formula CVo II 3 S O 34 . It is 
quite evident that we must wait for more decisive results. 

7. Mecouic Acid. Cu H On, 3H0 = Me, 3 II 0. 

A tribasic acid, found only in opium, the dried juice of papaver 
sumnifentm . To prepare it, the crude ineconatc of lime, obtained 
in the manufacture of muriate of morphia, is mixed with 20 parts 
of boiling water, and 3 parts of strong hydrochloric acid added to 
the mixture, which must be removed from the lire, and not boiled 
after the acid has been added. On cooling, acid meconate of lime 
is deposited in shining crystals, which are collected on a cloth 
filter, squeezed, and treated a second time with the same quanti- 
ties of acid and hot water. The strained acid liquid contains a 
large but variable proportion of sulphate of lime, always present, 
sometimes even to the extent of J or J in the crude meconate of 
lime, lienee the advantage of using so much hydrochloric acid, 
which also renders the mecouic acid less soluble. This time 
the crystals are meconio acid, still much coloured. They are 
collected and squeezed as before, and to make sure that all lime is 
removed, a third time dissolved in 20 parts of hot water and 2 of 
hydrochloric acid. The addition of the acid not only removes the 
last traces of lime, but causes the meconio acid to crystallise 
almost entirely out of the liquid, it being nearly insoluble in 
diluted acid. The orystals, washed with a little cold water, and 
dried at the ordiuary temperature, are now pure from everything 
but colouring matter, and when heated to redness leave no 
residue. 

To get rid of the colour, the orystals are now mixed with warm 
water, and caustio potash gradually added, so as nearly, but not 
quite, to neutralise the acid. As soon as the point of neutralisa- 
tion is reached, the reddish colour changes to green, and so much 
potash must bo added, that any further quantity would produce 
the green colour. The whole is then heated in the water bath, 
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till all is dissolved, hot water being added if necessary. (Were 
the potash now in excess, the whole acid would be decomposed 
into oxalio and carbonic aoids.) On oooling, the meconate of 

potash, Me j crystallises, forming a semi-solid mass, 

which is to be squeezed out. The colour is carried off for the 
most part in the mother liquid, which is very dark, and the 
squeezed salt after a second, or if necessary, a third solution in 
hot water, crystallisation, and squeezing, is snow-white. This 
purified meconate of potash is then acted on by pure hydrochloric 
acid, exactly as recommended for the meconate of lime, and after 
the third operation yields perfectly pure and white meeonie acid 
in beautiful silvery scales, which, to remove any traces of the acid 
mother liquid adhering to them, may bo once more dissolved in 
the smallest possible quantity of hot water, avoiding a heat of 
212°, whic h d ecomposes the acid ; tho puro acid is deposited on 
cooling, as .Me, 3 H 0 4* 6 aq. 

Meeonie acid, when gently heated, loses 0 cq. of water of crys- 
tallisation. It is soluble in water and in alcohol. When boiled, 
its solution becomes coloured, producing comenic acid, carbonic 
acid, and a dark brown colouring matter. If boiled with hydro- 
chloric acid, it is resolved into comenic acid and carbonic acid, 
without the production of oolouring matter. W hen the dry acid 
is heated to 250°, the same change takes place. When heated 
with excess of aqua potassne, meoouio acid is entirely decomposed 
into oxalio acid, carbonic acid, and a dark colouring mattor. Its 
distinguishing characteristic is that of causing, in pursuits of iron, 
a deep blood-red colour, but no precipitate. 

It forms three series of salts, like other trihasic acids. Thus, 

there are three moconates of potash : 1. acid, Me j ^ q ; 2. 

neutral, above mentioned, Me J q aq. Doth of these crys- 
tallise. 3. trihasic, Mu 3 K 0. This is yellow, and does not 
crystallise. There arc also three meoonates of soda; two of 
lime, acid and neutral or hi basic, and two of silver, bibasio Me, 
2 Ag 0, H O, and trihasic Me, 3 Ag 0. The meconate of peroxido 
of iron is very soluble, of an intense blood -red colour, but as 
it cannot bo obtained pure or crystallised, its composition is still 
unknown. Mr. How has recently obtained the following com- 
pounds : 

Dibasic meconate of ammonia, TT 0, 2 N IT* O, Cm IT On 
Monobasic ditto 2 HO, N II* 0, Cm II On 

Ethylo meeonie acid • • 2 II 0, 0* IIa 0 , Cm H Oh and its salts. 
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Meconamklic ackl . , . 9HO, Cs* H24 N? Oi» + 6 aq. and its salts. 

Meconocthylomeconic acid . 3 H 0, C14 H Ou + 2 H 0, 0* II 5 0, Cn 

HOu 

Biethylomeconic acid . . H 0, 2 C* Hs 0, Cu H On and its salts. 

8. Comcnic Acid. Cia Ha Oa, 2 II 0 =r Co, 2 II 0. 

This acid is formed as above described, from meconic acid by 
the action of heat, or of heat and acid combined. 1 eq. dried 
meconic acid, Cu H O11 -f 3 H 0 = Cm Hi On, yields 1 cq. 
oomcnic acid, Cta Fla Os , 2 K 0, and 2 eqs. oarbonic acid, 2 0 0 3 • 
The acid is readily obtained by boiling meconate of lime with an 
excess of diluted hydrochlorio acid. It is deposited on cooling in 
coloured crystals, which may bo decolorised by recrystallisation 
with the aid of animal charooal. The pure acid has a slight 
yellow tinge, and is very sparingly solublo in cold water. When 
heated, it is resolved into carbonic acid, pyromeconic acid , and 
a small quantity of a third substance, paracomcnic acid , which, in 
some few points, dillers from comenic acid, but has the same com- 
position, and in many points is so similar, that it may possibly 
turn out to be essentially the same. 

Comenic acid forms two scries of salts, with 1 and 2 eq. of 
lixed base respectively. With persalts of iron it forms a deep 
red solution, which deposits black crystals of unknown compo- 
sition. Mr. Jlow has also studied this acid, and obtained the 
following compounds, besides a largo number of its salts, whicli 
he has described : 

Chlorocomenic acid 2 II 0, C 12 ^ J- Os + 3 aq., and its salts. 

Bromocoirtenic acid 2 H 0, C 12 J- Os + 3 aq., and its salts. 

Elhylocoinenic acid II 0, 0* lie 0, Ci* IT; Os, and its salts. 

Comonaiuic acid II 0, Cia N 0; + 4 aq., ami its salts. 


Pyromeconic Acid , C10 II3 Oa, II 0, is obtained as a crystalline 
sublimate by heating meconic or comenic acid. In fact, 1 eq. 
comenic acid, (ha IT*. Oio, contains the elements of 1 cq. pyrome- 
conic acid, C10 Hi Oo , and 2 oqs. carbonic acid, 2 C Oa. It forms 
very soluble four-sided prisms, rather styptic to the taste; the 
solution of which forms with persalts of iron a crystalline salt of a 
fine red colour, the powder of which is like vermilion. This salt is 
Fea Oa -|- 3 C10 IIa Oa. Pyromeconic acid is a feeble acid, but 
Mr. Brown has recently described several of its salts, as well as 
two substitution products, hromopyromeconic and iodopyromecantc 
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acids . It has the same composition as pyromucic acid, but is 
distinot from that compound* 

9. Kinic Acid. C? H* 0*, 2 H 0 ? or Ci* Hu On, H 0 ? 

This very remarkable acid ocours in cinchona bark. It is 
obtained in the manufacture of sulphate of quinine, in the form 
of kinate of lime, from which the lime is easily separated by means 
of oxalic acid. The liquid filtered from tho oxalate of lime yields, 
on evaporation, the kinic acid in crystals. The lime may also 
be removed by sulphuric acid, and any adhering sulphate of lime 
separated by alcohol. 

The salts of kinic acid are somewhat anomalous. Thus there is 
a salt of lead, Ci II* 0* 2 Pb 0, and a salt of copper, 0? II* 0*, 
Cu 0, II 0, while the crystals of kinio aoid are C7 Hr, Oe . All 
this would lead to the conclusion that the acid was a bibasio one, 
C? H* 0*,2H 0. But the kiuate of lime, and the kinate of 
silver, both quite neutral salts, are Cu Hu O11, Ca 0, and Cu IIu 
Oxi , Ag 0, as if the acid were monobasic, Cu Hu On, H O = 
Cu Hia O12. If we assume the acid to be quadribasio, we can then 
bring all the above salts into one series. 


-Kinic acid would be 

. Cu 

II. 

Oe, 

4 IIO 

Kinate of lead . . • 

. Cu 

He 

Oe, 

4 Pb 0 

Kinate of copper . 

. Cu 

IIe 

Oe 

/ 2 Cu 0 
t 2 H 0 

Kinate of lime . 

. Cu 

He 

Oe « 

(^VlOaq. 

Kinate of silver 

, Cu 

lie 

Oe 

fAgO 
\3 HO. 


But the objection to this view is that, if this be tho true consti- 
tution of the acid, the salts of lime and silvor ought to be very 
acid, instead of being quite neutral. 

According to Oerhardt, kinic acid is Cas H20 O20, 2 H O, and is 
bibasic. There are reasons which render this formula probable, 
but the subject requires investigation. 

PRODUCTS OF TJIK DECOMPOSITION OF KINIC ACID. 

When kinic acid or kinate of lime is distilled with diluted 
sulphuric acid and peroxide of manganese, there is obtained a 
new compound called kinone , as a sublimate of fine golden yellow 
crystals, soluble in water, and very volatile, having a pungent 
smell in the state of vapour. Their composition is Ca# Ha Os . 
When acted on by reducing agents, it takes up 2 and 4 eqs. of 
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hydrogen, forming two new compounds, green and white hydro- 
kinone. The green hydrokinone , C25 Hio Os , is ono of the most 
beautiful compounds kuown to chemists, forming long prisms of 
the most brilliant gold-green metallic lustre, surpassing those of 
murexide in beauty. It is best formed by adding a few drops of 
sulphurous acid to a solution of kinone. When an excess of 
sulphurous acid is used, the white hydroktnone f CasUiaOs, is 
formed, which crystallises in six-sided prisms. When acted on 
by oxidising agents, the solution of white hydrokinone becomes 
dark-red, nearly blaok, and almost immediately deposits the 
splendid crystals of the green compound. The latter is also formed 
by simply mixing solutions of kinone and white hydrokinone, 
being intermediate in composition between those bodies. Wohler, 
to whom we are indebted for most of our knowledge in regard to 
these very curious compounds, has described a series of bodies 
obtained from the above by the action of hydrochloric acid, chlo- 
rine, and sulphuretted hydrogen. The following tabular view con- 
tains the names and composition of these substances, as far as we 
yet know them. 


Kinone .... 

. (hs 

H* 

0 * 


Green hydrokinone 

. C21 

IT10 

Oh 


AVhite liydrokinono 

. C*S 

Hl2 

0 » 


Ohio lohydroki none . 

, . Css « 

r Hio 

[ Cia 

0 « 


Chlorokinone ♦ 

. c,j 

r Ola 

IU 

0 * 


Brown .sulphohydrokinonc 

. Om 

Hn 

O7 

S4 

Yellow ditto 

, C-'.a 

II 12 

0: 

Sa 

Brown ehlovosulphokinono 

. Cur. 

IU Cl 0 * 

S*? 

Orange ditto 

. c« 

Ho Cl Oh 

s*? 


It will he observed, that in all those formula) the carbon 
remains unaltered, and that several are instances of pure sub- 
stitution, as Cas Hs Os, oompared with Ca» | ^ Os, and 

C25 Ifi2 Os, compared with Css j We can also see 

tho relation of the sulphohydrokinones to kinone if we 
ex press them as follows : — C2.1 IFh j 4 * 3 II S ; and C25 11 s 

| g 7 + 4 H 8. 

We have given tho form ul no of these curious products according 
to Wohler. But the progress of organic chemistry has taught us 
to look with suspicion on formula) with an odd number of eq. of 
carbon, and Gerhard t, whoso labours havo aided so muoh in 
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determining the true formulee of many substanoes, proposes for 
kinio acid, as already mentioned, the formula Cas Ilia Oaa ; and 
for kinone Cia H* O* . Hydrokinone beoomes C12 He 0* ; green 
hydrokinone, Cia H* O4 -f Cia Ho 0 * = Ca* H 10 Oa . The oliloro- 
kinones, according to him, are 


Clilorokinone . 

Cu - 

[a* 

Bieklorokinone . 

Cia * 

{> 

Trichlorokinone 

Cm 

{§.«• 

Perclilorokmone 

or Chlorauile C12 CU 0 * . 


The other compounds come to be represented by equally simple 
formula;. 

When kinio acid is decomposed by heat, it yields carbolic acid, 
benzoio acid, hyduiet of salicyle, benzine (hyduret of phenyle), 
carbonic acid, and water. These ohanges are easily explained by 
Gerhardt’s formula ; for 

Kimo Acid. Carbolic Acid. 

C-ia Erx Oi» = 2 (Cia Oa) + 4 C Oa + 10 H 0 
and 

Kinic Acid. Hydrokinone. Benzoic Acid. 

Ci» Haa Oia == Cia Ho 0* + Cu He 0* + Ca 0* + 10 II 0. 

Again, as benzoic acid and hyduret of salicyle are isomeric, wo 
have 

Benzoic Acid or 11yd. 

of Salicyle. Bouaolo. 

Ci « Ho 0« = Cis Ho -f* 2 0 0a, 

These considerations tend to render Gerhardt’s formula) more 
probable than those of Wohler; but for the present, and until 
farther researches, we shall retain both. 

We have now briefly to notice a few acids of no great 
importance, which in some respects stand between the oily or fatty 
acids and those we have just mentioned. 

Cainphoric Acid , Cm Ilia Os = C 20 HwOa, 2 H 0. — This aoid 
is formed by the action of nitric aoid on camphor. It forms 
crystalline scales, sparingly soluble in cold water, very soluble in 
alcohol and ether, fusible at 158°. These are the hydrated acid, 
which, if distilled, is resolved into water and anhydrous camphoric 
acid. The camphorates are not peculiarly interesting. With oxide 
of ethyle, camphoric acid forms two compounds: 1. neutral, or 
camphoric ether , CaoHuOo, 2 Ae 0, an oily liquid, of a bitter 
taste and nauseous smell. 2. acid, C 20 Hu Oa , Ao 0, H 0, also 
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called camphovinic acid, as it forms double salts analogous to the 
sulphovinates. 

Anhydrous Camphoric Acid , Cao Hu Oe , is solid, crystalline 
and volatile, and with dry ammonia forms a compound from 
which potash disengages no ammonia : with liquid ammonia it 
yields cainphoramate of ammonia* Its action on oxide of ethyle 
has not been studied ; but the subject deserves investigation. 
Camphoric acid yields an acid amide, camphamio acid, which, 
however, has not been much studied. 

By the action of sulphuric acid on anhydrous camphoric acid, 
there is formed, with disengagement of carbonic oxide, a new 
acid, 6ulphoca?nphoric acid , Ci« Hia Sa Oia -f- 4 aq. = Cis Hi* 
Sa Oio , 2 II 0 -j- 4 aq. This acid is erystallisable, and forms 
crystallisable salts of the formula Cia Hi* Sa Oio , 2 M 0. 


CAMPHOR. 

There are two kinds of camphor: that of Japan, or common 
camphor, C20 HioOa; and that of Borneo, Cao His Oa. The 
properties of common camphor, and its peculiar smell are well 
known. Its Sp. G. is 0-98o to 0-996 ; it is very volatile, evapo- 
rating at ordinary temperatures. Small fragments of camphor, 
on the surface of water, evaporate more rapidly, with rotatory 
movements. It dissolves in alcohol, and is precipitated by water. 
'When distilled with anhydrous phosphoric acid, it yields a carbo- 
hydrogen, called camphogen, C20 Hi* . 

When camphor is passed in vapour over a heated mixture of 
hydrates of potash and lime, it yields a new acid, camphohc acid , 
Cao II17 Os, II O. Nitric acid, with the aid of heat, converts 
camphor into camphoric acid. The essence or oil of camphor of 
commerce is Cao II10 0 = 1 eq. camphor minus 1 eq. oxygen. 

Borneo camphor occurs in small crystalline fragments. Its 
odour is different from that of common camphor. 1 iind that, if 
wrapped in paper, a distinctly alliaceous odour traverses the 
paper, and may thus be detected. Heated with phosphoric aoid, 
it yields a earbohydrogeri, C20 H10 ; and this is also the compo- 
sition of the essence which accompanies Borneo camphor. This 
essence is, therefore, Borneo camphor, Cao IIi 9 O2, minus 2 eqs. 
water. 

Common camphor is produced by the Lauras Camphora ; 
Borneo camphor is the producoof Dryobalanops Camphora , and is 
bo highly prized by the Japanese, as a remedy for rheumatism, 
that it is not found in the markets of Europe. 

Camphogen y Cao Hi*, is tho name given to the carbohydiogen 
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obtained when common camphor is distilled with dry phosphoric 
acid. It occurs naturally in the oil of cumin. When acted on by 
sulphuric acid, it forms a new acid, suiphocamphic or hy postil pho- 
camphic acid , C*o His Sa Or, H 0. 

When camphor is passed over red-hot lime, another new com- 
pound is formed, namely, camphrone , Cso Ha» O Y At a white 
heat camphor yields naphthaline, carhuretted hydrogen, and 
carbonic oxide. 2 eqs. camphor contain tho elements (C+o Hsa 0+) 
of 1 eq. naphthaline, Cso Hs ; oleliant gas, 2 C* Ht ; marsh gas, 
8 0 Ha ; and carbonic oxide, 4 C O. 

(Enanihic Acid . Cm His Os, HO. This acid, in combination 
with oxide of etliyle, forming mnanthio etln?r, is found in wine, 
in the oil of grain spirit, arid in some other fermented liquors. It 
is, as (vnanthic ether, the oausc of that peculiar odour of wine 
which adheres so remarkably to vessels in which wine has been 
kept, and enables us at once to say that an empty bottle or cask 
has contained wine. To obtain the acid, the ether is decomposed 
by caustic potash, and the conanthato of potash distilled with 
dilute sulphuric acid. The hydrated acid is semi -solid like butter, 
and is, in faot, a fat oil, insolublo in water, soluble in alcohol 
and ether. 

Of its salts, the a manthaie of oxide of vthyle , am a nl hie ether, is 
best known. It is a colourless liquid, of a peculiar vinous smell, 
which, when strong, has a stupifying eitect. When hydrated 
(enanthio aoid is distilled, it yields water, and anhydrous acid, 
more solid than tho hydrate. (.Kuanthic acid contains 1 eq. of 
oxygen less than oonanthylic aoid, but its formula must be con- 
sidered as somewhat doubtful. Some think that the umanthic 
ether is either email thy lie ether, caprylie ether, or pclargonio 
ether, and consequently that tho acid is either omimthylic, 
caprylie, or pelargonic acid. 

Roccellic Aoid, Ci? Ilia Oh, HO? This acid occurs in roccclla 
tinctoria. It is crystallisable, insolublo in water, soluble in 
alcohol and ether. It has most of the properties of a fat acid, and 
its salts with the alkalies resemble soaps. 

JSuyenic Acid , Cao Hi 2 0* ? or Cao Hi 3 Or? This acid is found 
in cloves, along with a neutral oil, C10 H«, or Cao Ifm. The latter 
is separated by potash, and the eugenic acid obtained by distilling 
the salt of potash with dilute sulphurio acid, it is ari oily liquid, 
of Sp. 0. 1*079, having the strongest odour of doves. It forms 
crystallisable salts with bases, and among them an acid salt of 
potash, 2 Cao Hn 0* -j- K 0 4* H 0 ? 

Cloves, likewise, contain two crystallisable compounds : — 
1. Caryophyline , which forms yellow prisms; of tho formula 
Cao Hifl Oa , an oxide, therefore, of the neutral oil of cloves. 
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2. Eugcnine , which forma yellow pearly scales, the composition 
of which is the same as that of eugenic acid. 

It only remains here to mention the names of a number of 
acids, little known, or doubtful, which are found in the vegetable 
kingdom. Such ore acliilloie, atropic, anacartlic, bebirio, boletic, 
caineic, carmufellic, cctraric, cevndic, chinovic, coeognidio, colum- 
bic, coneic, crameric, crotonic, digitalie, euphorlnc, fungic, hederic, 
igasuric, ipocuanic,lactueic, lichen osb aiic, menispermic, papaveric, 
rhcadic, polygalic, robinic, rutinic, solanic, tauacetie acids, and 
others. It is probable that many of them will prove' to be iden- 
tical with some of the better known acids, and that others nro 
mixtures. Chelidonic acid, found by Lereli in Chclichniiim 
majus , is analogous to meconic acid, and is said to bo Ci* H» O13 
= Ci* 1 12 O 10 , 3 H O. The formula) given for several of the 
others are doubtful. 

volatile on essential oils. 

These oils are so called because they are obtained by distillation 
of vegetables, generally along with water, and because, having, 
in most cases, the concentrated odour of the plant, they are usually 
called essences. Most of them exist ready-formed in the plant, 
which owes its smell to them ; but some, as oil of bitter almonds 
and oil of spiraea, are formed by a kind of fermentation, excited, 
in the case of the former, as already stated, by the contact of 
amygdaline, emulsine, and water. 

Many plants, when cut, yield balsams, which arc mixtures of 
essential oils and resins. In many essential oils a crystalline 
matter is deposited, called a camphor or stearoptene. They a re 
all soluble in alcohol. Many absorb oxygen from the air and 
become acid, as oil of cinnamon. They are violently acted on by 
nitric acid and iodine, chlorine, bromine, &e. 

They may be divided into three kinds: 1st, those containing 
only carbon and hydrogen, as oil of turpentine; 2nd, those con- 
taining also oxygen, as oil of cloves ; 3rd, those containing sulphur, 
as oil of garlio. 


1 . Non- Oxygenated ^ssenlia^ Oils, 

Almost every ono of these (which constitute a very numerous 
class of oils), as yet accurately analysed, has been found to con- 
tain carbon and hydrogen in the proportion Cio H», or, what is 
the same thing, CjT H* , or Cso Hi«. Tho following are the most 
important : — 

Oil of turpentine , Cio Hs , or C*o Hi a, is obtained by distilling, 
with water, turpentine, the juiee exuding from many species of 
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pirnt*. Kosin, resin, or oolophoniura, remains in the retort. The 
oil has a peculiar smell, and burns with a smoky flame. Its 8 p. 
G. is 0 * 86 . It boils at 312 3 . Strong nitric acid seta fire to it, 
and it is also decomposed with flame by chlorine. It dissolves 
sulphur, phosphorus, and fat oils. When exposed to hydro- 
chloric acid gas, it combines with it, fencing a white crystalline 
solid like camphor, and a liquid compound. Tho solid is Cao II 17 
Cl = Cao Hie, II CL Wlien heated with lime, it yields a pure oil, 
dadyle , Cto Ilia. Tho liquid hydrochlorate, heated with lime, 
yields another pure oil, pt ucyle, rather more volatile than dadyle, 
but having the same composition. Oil of turpentine would seem 
to be composed of peucyle and dadyle, both Cao II to ; the former 
giving a liquid, the latter a solid compound, with hydrochloric acid . 

Nitrio ftcid, by long boiling, converts oil of turpentine into an 
acid, turpentinio acid, On II 0 O 7 , II 0? 

Oil of turpentine is used in medicine, internally, as a vermi- 
fuge, especially in cases of the larger worms, such as tmiia ; 
externally, as an excellent rubefacient and counter-irritant. 
I 11 the arts it is much prized as a solvent for resins in making 
varnishes, 

Otlof juniper^hxs the same composition as oil of turpentine, 
hut possesses its own peculiar odour, which it communicates to 
alcohol in yin. This oil is diuretic. 

Oil of savin has the same composition. It is also diuretic. 
Oil of elemi has tho same composition, and a pleasant odour. Oil 
of storax, or shjrolc , is a very remarkable oil, of the formula C 10 lis , 
and therefore isomcrio with cinnamole, and probably identical 
with it. It has a pleasant aromatic smell, boils at 20.3°, and 
<fcraporates at all temperatures. When acted on by nitric acid, 
chlorine, or bromine, it yields substitution products ; nitro- 

styrole, Cm jj/o* j > chlorostyrole, Cio ^ | , and bromostyrole, 

C 10 | ; the first is crystalline ; the second appears to he 

liquid, but is hardly known except in combination with hydro- 
chloric acid, as an oil, Cio IIs CL = Cu$ JJj 7 j + II Cl. Tho third 

is crystalline, and aa^it has a very peculiar smell, its formation 
is a good test of the presence of styrole. A similar compound 
i* obtained, probably the same, by tho action of bromine on 
cinnsmofe. 

When styrole is heated in a scaled tube to 398°, it is quickly 
changed into a transparent solid mass like glass. The same 
change occurs, tot more slowly, at 212°, and even at lower tem- 
per atures^n A by exposure to the sun's rays. The glassy 00 m- 
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pound is metastyrole , which, has the same composition* in 100 parts 
as styrole, but its formula is Cm Hz . It yields with nitric acid 

nitrometastyrolc, Cu j - When heated it i& reconverted into 

styrole, and distils over as such. Styrole can never be distilled 
without a part of it changing into metastyrolo, which, however, 
if the heat be increased, passes over as styrole. 

When dragon’s blood, a resinous substance, is distilled, it yields 
two oils, dmeyle and draconyle . The latter is metastyrolo, but it 
is not stated whether the former be styrole, although this is pro- 
bable. There are probably many oils of the same series as styrole 
and rnetastyrole, that is (! n xa 11 n. 

Oil of lemons has. the probable composition, Cs XL, Like oil 
of turpentine it is composed of two isomeric oils, citrene and 
citrylene , which combine with hydrochloric acid, forming a liquid 
and a solid compound, decomposed by heating with lime. The 
solid camphor seems to be, (ho Ha 01 = Oio Hs, II 01. The oils 
of cedro , a deal, urunyes , and limes , are all essentially identical 
with oil of lemons. Oil of neroli, or of or any e~ flower y is quite 
distinct, having the odour of the llower, while the others have 
that of the rind of the fruit. Its composition is not accurately 
known. 

Oil of co/mica is another isomeric form of oil of turpentine, 
which it very much resembles, forming a camphor with hydro- 
chloric acid. It is diuretic, and much used in affections of the 
bladder and urethra. Oils of pepper and of ruhebs are still of tho 
same composition in 100 parts, although the latter is supposed to 
be ( -15 IT ia. 

We have already alluded to the remarkable homologous series 
of earbohydrogens, of which benzole, or hydurct of phenyle, 
Cta lie , is the type. One of these occurs as a natural oil. Thus, 
oil of oumine is a mixture of cuminole or hyduret of cumyle, 
(.■so 11 ia O 2 , a compound homologous with hyduret of benzoyle, 
and a carbohydrogcn, C 20 IIm, called cymene, or hyduret of 
cymyle, homologous with benzole. This earbohydrogen has also 
been named hyduret of thymyle, because, in the essential oil of 
thyme, there is found a substance, C 20 TIu Oa, or hydrated oxide 
of thymyle, which is homologous with hydrated oxide of phenyle 
or carbolic acid. The earbohydrogen, toluole, or hyduret of 
toluylo, Cm II» , homologous with benzole or hyduret of pheuylo, 
is obtained by distilling balsam of tolu, and is also found in tho 
oil of tar, and in the oil which separates from crude pyroxylin 
Bpirit on the addition of water. It is therefore a product of 
destructive distillation, and is accompanied by its homologues, tho 
oils Cia He, Cie H 10 , Cia Hu, and Cso Hu, which, as formerly ox- 
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plained under the ben zoic series, are derived from a series of acids 
homologous with benzoio acid, and yield a series of volatile bases, 
homologous with aniline, or phouylamine, besides many sub- 
stitution products with chlorine, bromine, iodine, or nitrous 
acid. 

It has recently been shown that a very large number of natural 
essential oils have the same composition as oil of turpentine, while 
yet nviiny of them possess distinct properties. Oil of turpentine 
itself is found to exhibit many isomeric modifications, which 
differ remarkably in density and volatility; one of them, for 
example, isoterebcnthenc, boiling at 352°, while another, ineta- 
tcrebeuthene, boils at about 693° F. Doth of these forms have a 
strong action on polarised light, causing the plane of polarisation 
to deviate to the left. These two modifications are produced by 
the continued action of lieafc on the common oil in closed 
vessels. 

By contact with a very small proportion of oil of vitriol, oil of 
turpentine is changed into certain modifications which have no 
action on polarised light. One of these, terebene, boils at 320°, 
and forms a liquid compound with hydrochloric acid. Another, 
colopliene, whioh is supposed to have the furmula (ho ILa, is 
colourless when the light which passes through it falls directly 
on the eyo, but in other directions appears of a deep indigo-bluo, 
and forms with hydrochloric acid a deep blue compound. 

Of the different sorts of commercial turpentine, or pine balsam, 
some cause the plane of polarisation to deviate to the left, whilo 
the oil extracted from thorn causes deviation to the right. Others 
cause deviation to the right, while the oil they yield causes devi- 
ation to the left. 

Oil of turpentime forms, by contact with water, and exposure to 
cold, or still better, when 4 parts of the oil, 3 of alcohol, and 1 of 
nitric acid are left together for a month or six weeks, a crystalline 
hydrate, C 20 Ilia -f- 4 II 0 -f 2 aq. This lias been called tvrpine . 
It forms large and beautiful crystals, which are soluble in 200 
parts of cold water, and 22 parts of boiling-water. It melts at 
about 218 F., and loses water, When rapidly heated, the 2 eq. 
of water of crystallisation are expellod, leaving the dry hydrate, 
Cm Hm, 4 H 0, which melts at 302° and sublimes at 490°, passing 
over unchanged. 


2 . Oxygenated Essential Oils. 

The principal oils of this olass have boon already considered, 
their radicals being known. These are oil of bitter ulmonde, or 
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hyduret of benzoyle ; oil of spircca , or hydurct of salicyle ; oil of 
cinnamon , or hyduret of cinnamyle ; oil of chocs (eugenic acid); 
oil of cumine , or hyduret of cumyle ; oil of aniseed, the solid part 
of which is Cao Ilia Oa, and with nitric acid yields an sic acid, 
and other compounds already described at p. 1G4 ; oil of valerian, 
chieliy valerianic acid, &c. The essence of valerian, according to 
Gerhard t, generally contains several compounds, especially if old. 
When fresh, it contains no valerianic acid, but an oil, vale role, 
which is crvstallisabie, and soon passes into valerianic acid in the 
air. This oil is Cia TIio Oa, and is isomeric with mctucelone, also 
with Kane’s oxide of mesityle, end with oxide of allyle (sec oil of 
garlic, p. 345). Besides valerole, the essence contains a earbo- 
hydrogen, hornecne, Cio If? , identical with the oil obtained from 
borneo camphor ; and finally a camphor, which is identical with 
borneo camphor. 

Oil of cinnamon , according to Mulder, is, when quite fresh, 
Cao II n 0-2. It rapidly attracts oxygen, and 3 (Cao Ifn Oa) + 
Oh = 1 eq. cinnamic acid, 1 eq. resin alpha, C 12 lls 0, 1 eq. 
resin beta, Cao II in O*, and G eqs. water, Ho Oo. With hydro- 
chloric acid it yields two different resins, Cao Ifs O, and Ci+ H 7 
(), besides other products. With oil of vitriol it yields two more 
resins, Cao His Oa, and C30 II m 0, which together are equal to 
3 eqs. of the oil minus 3 eqs. water. With nitric acid the fresh 
oil forms ti crystalline compound, Ci* 1I 9 N 07= Cis H» Os -p 
N () a -f II 0. With water this body yields hyduret of cinnamyle, 
Cia Hs Oa. If dissolved in sulphuric acid and mixed with water 
it gives cinnamic acid, Cis 1L Os. Along with the crystals, 
nitric acid yields a red oil, which, with water, gives another oil, 
Cia H 7 Oa . 

Oil tf anise, Cao Ilia O a , yields with bromine a compound in 

fine crystals, Cao j ^ Oa. When acted on by strong acids, or 

by tho chlorides of tin or antimony, oil of anise is converted 
into an isomeric body, auisoine, analogous to benzoine. 

Oil of cumine contains not only hydurct of cumyle, already 
mentioned, but the carbo-hydrogen, cymene, C20 Hi*, homologous 
with benzole, Cia Ho. As benzole is hyduret of phenyle, C J2 !!», 
H, so cymene is hyduret of tliymyio, Cao Hia, II. And as phenyle 
yields a hydrated oxide, Cia H» O, II (), or Cia Ha Oa, which is 
oarbolic acid, so thymyle yields the hydrated oxide of thyinyle, 
already mentioned as a homolog ue of carbolic acid, and as occur- 
ring in oil of thyme. There is therefore a relation between tho oil 
of cumino and that of thyme, and the oil of Monarda j nine lata 
contains the same oxygenated compound, C20 IIi* Oa. 

This compound, when acted on by sulphuric acid and peroxide 
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of manganese, yields a new compound, thymoilo, C2* TT10 0* , 
whioh is very remarkable, as being homologous with kinone. 
Like kinone, it a yellow solid crystallising in scales, and volatile, 
and, when acted on by reducing agents, takes up hydrogen, forming 
a body, C2* HisO*, homologous with white hydrokinone, which 
has been called thyinoilolc. It forms colourless crystals, and when 
mixed in due proportion with thymoilo nn intermediate compound 
is formed, homologous with the green hydrokinone, which appears 
in brilliant, bronze-coloured crystals of high metallic lustre, the 
solution of which is deep red. Its formula is (\ s Um <)» — ( -24 
Ilia 0* -f C 2 . t His O*; and it is of course formed whenever thy- 
moilo is only half reduced or hydrogenated. Jn short, in their 
formation, characters, and composition, thymoilo and its deriva- 
tives present a most striking and beautiful, though unexpected 
example of the parallelism of homologous compounds, from their 
perfect analogy with kinone and its derivatives. The chief 
difference lies in the starting-point, for while kinone is formed 
from kinic acid, thymoilo is obtained from tbe hydrated oxide of 
thyrayle, a body apparently of very different properties. 

The Oil of earraicay contains, along with nil oil, cari'ene, 
isomeric with oil of turpentine, an oxygenated oil, carvole, which 
is C20 Hi* O* , that is, isomeric with the hydrated oxide of thymyle, 
but an entirely different substance. It boils at 282" F., and forms 
with sulphuretted hydrogen a crystalline compound. II y the 
action of caustic potash or of anhydrous phosphoric acid, it is in 
part converted into another isomeric modification, which boils at 
4oU° F., and has a disagreeable smell and a very persistent acrid 
taste. It has beeu called carcacrole. 

Of tbe remaining oils of this class may be mentioned the oils of 
dill , of fennel, of par&hty, of coriander, of pimpernel , of pepper-' 
mint (C10 Hio O, or C20 ilao 0*; tins oil yields several new (ami- 
pounds with chlorine), of marjoram , of lavender, rosemary, basil, 
rue (C20 II ao O2 , or the aldehyde of caprie acid, along with a earho- 
hydrogen), camirilla , chamomile (containing an oil, C10 II» 0 2 , 
and a carbohydrogen, C20 Hio ), wormwood, tea, cardamom, nut - 
tney, cajeput , rhodium , rose (otto or attar of roses), her yam of, 
saffron, sassafras, and sweet 1my(C 20 Hio O). Of these, little 
certain is known, and almost all require a cart ful study. The oil 
of sassafras, ChoHsOa, when cooled, deposits very large and 
beautiful crystals, measuring 1 £ inch on the side. With bromine, 
the solid essence yields crystals, exposed ofCiQ H Iir* O2. 

The o#[ or essence of Semen contra is said to be; Cis Ilin Oa . 
That of Artemisia dracunculns , or essence of cstrngon, yields, 
when treated with sulphuric acid, anisoinc , identical with that of 
oil of anise, and in fact contains the same oxygenated oil (stca- 
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roptene of anise), along with a different carbohydrogen. Laurent 
has obtained from essence of estragon^ series of new compounds. 
He represents the essence by C-aa II 20 O 3 : but Gerhardt has shown 
that it is identical with the oil of anise, and that draconic acid 
and draeole are the same as anisic acid and anisole. The acid is 
Cu lh (),, H 0. 

The concrete essence of the tonka bean is called coumarinc . 
It is very fragrant, and its formula is Cis Ho 0*. Potash 
changes it first into cumaric acid, Ci« H 7 Oo, H 0, and after- 
wards into salicylic acid ; and hot nitric acid converts it into 
nitropicrie acid. Cold nitrio acid produces a white volatile 

crystalline solid, Ci 8 j Q t Coumarinc also combines with 

chloride of antimony, forming yellow crystals. 

3. frnl])hnrelt(d Ifaential Oils, 

This class of oils is distinguished by a pungent peculiar smell, 
and actid burning taste, as in oil of mustard, or an intense 
alliaceous odour, as in oil of garlic or of onions. The more import- 
ant of them have been lately iinestigated, and have yielded very 
striking results. 

Essence of mustard is prepared from imistard-sced in the same 
way as oil of bitter almonds from that seed. The seed is mace- 
rated with water and afterwards distilled, when it yields an oil of 
a most remarkable nature, containing not only sulphur, but also 
nitrogen. The pure oil is colourless, of Sp, G. 1*010, and boils at 
208° or 300°. Jts formula is CslL N Ra, so that it contains no 
oxygen, and it is, as vve shall see, the sulphocyanide of allylo, Co 
Ho, Ca N Sa . "With ammonia it forms a crystalline compound, 
which is, in fact, an organic base or alkali, T h ios inn am in e = Cs 
IIs Na S- 2 . This is a bitter compound, which forms, like nearly 
all organic bases, crystalline compounds with chloride of platinum 
and chloride of mercury. Gerhardt regards it as sulphocyanide 
of ammonium, in which 1 e<p of hydrogen is replaced by allyle; 

Thiosinnanrine , acted on by dry oxide of lead or of mercury, 
loses all its sulphur, forming a new base, situiamine = Cs II« Na 
= C« IIs N a S a — 2 H R. It is, therefore, Thiosinnainine, minus 
2 eqs. sulphuretted hydrogen, which have acted on the oxide of 
lead, forming water and sulphuret of lead. Sinnamine forms 
definite compounds with chlorides of mercury and platinum. It 
is a powerful base, and very bitter to the taste. It may be 
regarded as ammonia, in which 2 e<$. of hydrogen are replaced, 
one by allyle, the other by cyanogen, X II, Cs II», Ca N. 
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When oil of mustard is acted on by moist hydrated oxide of 
lead, it loses hotli sulpliqp and carbon, in the proportion C Sa , 
forming sulphuret of lead and carbonate of lead, along with a 
new base, sinajwline, which dissolves in hot water, in alcohol, 
and in ether. Its formula is On Hu Nj O and it is formed 
from 2 eqs. oil of mustard, with 6 eqs. oxide of lead and 2 eqs. 
water, as follows : 2 (Os 11s N Sa) -f* 0 Pb O -f- 2 11 0 = On Ilia 
Na Oa -f 4 Pb S -f 2 (Pb (), C Oa). This base may be regarded 
as diallylurea; that is, urea in which 2 eqs. of hydrogen are 
replaced by allyle. Urea ia Ca 11* Na Oa, and diallylurea is 

Ca 2 (Co ir») > Na 0a * 

When oil of mustard is acted on by an alcoholic solution of 
potash, it produces carbonate of potash, and two new compounds, 
the elements of 8 cqs. of water being tuken up. 

Thus, 3 (Cb Hs N S*) = C« H: N S* 


+ 8H0 + Ci* Hi* NaSaOa 

+ 2 0 Oa . 

The bod) T Cs IT? N S* is a compound of oil of mustard with 
sulphuretted hydrogen, and is a strong sulphur ucid, forming 
crystallb able salts with the metallic sulphurets. It may bo 
represented hy Cs Ho N S 2 , 2 H S, and its salts as Cs II 9 N 8a , 
HS,MS. Gerhardt considers it as sulphocarbonic acid, iu which 
1 eq. of hydrogen is replaced by allyle. Put Will has produced 
and analysed many of the snlpho-salts of this acid, which 
renders his view preferable. He has also shown, that by the 
action of alcoholio solutions of the sulphurets of potassium, 
sodium, ammonium, &o., saturated with sulphuretted hydrogen, 
on oil of mustard, the whole of the oil may be converted into the 
salt of the new acid with the sulphuret of the metal employed. 
In other words, the oil of mustard takes up 1 eq. of II S, and 
1 eq. of metallic sulphuret. The oil of mustard itself also 
combines with 2 eqs. of several metallic sulphurets. 

The oil, Ci* II» N 2 Sa Oa, has not been fully studied. It is 
said to form, from 2 eqs. of it, losing 1 eq. of ammonia, another oil, 
C 28 Ha» Ns 8* 0*, which resembles the essence of mustard in its 
general characters, but is not much known. 

It will be observed, that all tho facts here mentioned lead to 
the admission of the radical allyle, C« IIs, of which the oil or 
essonce of mustard is the sulpho- cyanide. We shall see pre- 
sently that other compounds of allyle are known. 

Oil of mustard contains an indifferent nitrogenised body, 
myroffine , which, analogous to emulsiue, causes tho formation of 
the essential oil after mace ration of the seed with water and 
fermentation. The fermentation of myrosine is prevented in the 
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same way as that of emulsine, namely by coagulation. The 
seeds also contain a crystalline body, 0 napisine, resembling a fat. 
The substance, which, along with myrosine, yields the oil, 
appears to be myronic acid , or rather myronate of potash, a body 
not yet fully studied. The seeds of Sinapis alba contain the 
myrosine, as. sweet almonds contain emulsine ; but, being desti- 
tute of myronic acid or myronate of potash, as sweet almonds 
are of amygdaline, they yield none of the oil. 

It has very recently been shown by llubatka and Wertheim, 
that the essential oils of Cochlea ria armoraeia (horse-radish), 
Cochlear ia officinalis , and Alliaria officinalis , consist almost 
entirely of oil of mustard, although tho latter oil has also a very 
strong smell of oil of garlic, an oil which has not been discovered 
in it. 

The essential oil of garlic, from the bulbs of Allium sativum , is 
a peculiar sulphurised compound. Wertheim has lately studied 
it, and shown that it is tho sulphuret of allyle, and its formula is 
Co I!#, S = All S. The crude oil contains a little of a higher 
sulphuret, possibly All Sa, and also some of the oxide of allyle, 
Co Us O = All 0, which is an oily liquid of an offensive smell. 
The radical allyle appears to enter into numerous combinations, 
and, among others, Wertheim analysed the following : the sul- 
phuret, or pure oil of garlic, All S ; the compounds of that sul- 
phuret with the sulplmrets of plat ilium, palladium, and silver, 
5 All HO Pt Si; 2 All S + 3 I>t 2 All 8 4 II Pd S ; and 
x All S Ag S (?) ; double compounds with the sulphurets and 
cliloiides of mercury and platinum; 3 (All S 4 Pt Sa) 4 (All 
Cl + Pt CL); and (AH S + 2 Ilg 8) 4 (All Cl 4 2 Hg Cl) ; ami 
lastly, nitrate of tho oxides of silver and allyle, (All 0 4 Ag 0) 
4 N Os, Our space does not permit us to do more than point 
out the existence of these curious compounds. 

The essential oil of assafwtida appears to consist of at least two 
oils, one of which, if not both, contains sulphur. It has a very 
offensive odour. It does not combine with ammonia like the oil 
of mustard. Dr. Douglas Maclagan tinds, as might be expected 
from the odour, that one of the oils it contains is sulphuret of allyle. 

The essential oils of hops, of water-pepper > and of Arum macu - 
latum , are believed to contain sulphur. 

Tho seeds of Sinapis alba or white mustard have been shown 
by Babo and Herschbmnn to contain a new base, sinapine , which 
is Caa Has N Oio. By the action of mineral alkalies, it is resolved 
into a new acid, sinapic acid 1 and another new base, stnkalinc. 
Thus : — 

Sluapino, Sinapic acidf. Sinkaline. 

Cm Has N Oxo + 2 H 0 = Cm Hi* Cho + Cio Hia N 0» 
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Sinapine, which exists in the white mustard as hvdrosulpho- 
cyanatc, cannot he obtain^ pure, from its tendency to decompo- 
sition. Its solution is yellow. It is a decided base, and its salts 
are crystallisable, very soluble, and rather more stable than the 
base itself. The hydrosulphocyanate, which exists in white 
mustard, may be obtained in crystals, which arc small needles, 
grouped in very voluminous bundles. This salt was formerly 
called sinapine, and sulphosinapisine, when its composition was 
unknown. Its solution, when boiled with alkalies, yields sinapio 
acid and sinkalinc. 

if inn pic acid forms small prisms, sparingly soluble in cold 
water or cold alcohol, but very soluble in boiling alcohol. Its 
salts are not very stable. 

Sinkalinc is formed along with sinapic acid, when sinapine or 
its hydrosulphocyanate is boiled with potash or baryta. It is 
obtained as a crystalline mass, soluble in water. It is a 
strong base, precipitating all metallic oxides. Its salts are very 
soluble, even deliquescent. The double chloride of platinum and 
sinkalinc forms splendid orange crystals. 


CONCRETE VOLATILE PRINCIPLES ALLIED TO Til K ESSENTIAL OILS. 


There arc several substances which maybe classed under this 
head; such as Hcllcninc, from Inula hchnium , which is a volatile 
crystalline solid, Oi» H»o Oa. With nitric acid it yields nitro - 

helletnne , Cia j ^ icn distilled with anhydrous phos- 

phoric acid, hellenine loses 2 eqs. water, yielding Jicllenenc , a 
carbohydrogen, Cia 11». With chlorine it yields the compound 

Cl. [ g*0.+ H Cl. 


Aaaronn , from Asarum curoptcum , is a volatile solid, having a 
remarkable tendency to crystallise in beautifully defined forms, 
and also to pass into the amorphous condition, from which it 
may be again brought into the crystalline state. Schmidt lias 
studied its crystallisation under the microscope, and bus obtained 
results which are most interesting in reference to the formation 
of crystals in general. I must refer to his elaborate paper in 
tho “ Annulcn dcr Chcmie uhd Pharinacie,” for February, 1815. 
Its composition is Cao Hi» Oa. 

Anemonine , from various species of Anemone , is a volatile, 
cry stall isable solid, the formula of which is Ca ila Oa. It forms 
with oxide of lead a compound, 3 (Oa H* O 2 ) -f Pb 0. With 
bases it yields anemonic acid , the composition of which is 
unknown. 
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Cantharidina , the active principle of Spanish flies, is a volatile, 
acrid solid, the composition of which iskCio IIo Ot . 

The following plants, Epidcitdron vanilla , Quassia amara , 
Taiujh in ia Miuhiffasearicnsis, Primula Auricula , and Primula 
veriSy contain concrete volatilo essences, not yet analysed. 

CAOUTCHOUC, OR GUM ELASTIC. 

Caoutchouc is a substance sui generis, which in composition 
approaches more ncarlj r to the essential oils than to any other 
cbiss of compounds. It is the coagulated or inspissated juice of 
many tropical trees, the chief of which is Siphonia clast ica 
( Iatropha elastica, Hevea guianensis). The juice, as it flows from 
the tree, is made to dry on moulds of clay, which are afterwards 
broken out, leaving a bottle of caoutchouc. It is generally 
blackened bv smoke, but when pure it is white and transparent, 
it is highly elastic, and the freshly cut surfaces adhere strongly if 
pressed togetlur. It is insoluble in water, alcohol, and acids: 
but it dissolves in ether, naphtha, coal-tar naphtha, bisulphuret 
of carbon, and essential oils. Its solutions in ether and coal-tar 
naphtha, when dried up, leave the caoutchouc in an elastic state. 
On this principle water-proof cloth is made. Caoutchouc is much 
used in chemical operations to form flexible connecting tubes. 

Whim exposed to heat, caoutchouc iir*t melts, and then distils, 
yielding a mixture of several oily liquids, all of which, as well as 
pure caoutchouc itself, are earhohydrogens. Some of these oils 
boil at others at (>S0°, and at intermediate points. I found 
that one highly rectified oil which boiled at V(V\ and had the 
composition of olefiant gas, when acted on by sulphuric acid, 
yielded an oil which boiled at 428 J , and lnul the same compo- 
sition. licit most of these oils have the composition of oil of 
turpentine, 0* Hi or (bolls. One of these, called caoutchine , 
gives with chlorine an oil, Cm IT a -f Cl. 


RESINS. 

Resins are generally found along with essential oils, and many 
of those oils, by the action of the air, are converted into resins. 
Ill this change, the essential oils lose a part of their hydrogen, 
which is converted into waiter, and take up some oxygen besides. 
Iu fact, the rosins, as a class, arc acid bodies. They are insoluble 
in water, but become soft in boiling water. They dissolve ia 
alcohol, and often crystallise from that solvent. 

The acid resins combine with bases ; their salts with the 
alkalies are called resinous soaps. The resins are not volatile, 
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although very inflammable. They arc purified from essential oils 
by distilling off the latter along with water ; but, as thus obtained, 
they are generally mixtures of several resins. 

Turpentine and Colophony , or Common Resin, Turpentine is 
the semifluid juice which exudes from many species of Pimts. 
"When distilled with water, it yields oil of turpentine, Cio 1I» or 
C40 If»2, while colophony or resin remains behind, which is Cio 
II7 0, or C*o Has 0-4 , or more accurately, CaqHsoO*. Here the 
oil, Cio Has, has lost 2 eqs. hydrogen, replaced by 2 oqs. oxygen, 
C*o Hao Oa, and this compound, like aldehyde, has taken up 2 eqs. 
of oxygen to form the acid resin, Cio llao 0*. 

Colophony contains two different resins : resin alpha, or pin ic 
acid , and resin beta, or sylrtc avid. The latter is said to he C20 
His Os, the former polymeric with it, Cho Hao ()*; and their 
properties are very similar, being those of colophony which is 
formed of them. The sylvie acid is cryslallisable. 

When distilled with lime, colophony yields two oily liquids, 
resincone , C20 II23 O, and re si none, Cio II u 0. 

The resin of copaii a is C*o Kao O* , according to Rose ; but there 
is some reason to believe that it is isomeric with the preceding. 
A variety of it has occurred, containing C+olhuOs, and when 
combined with oxide of lead, C*o lias Oa . This resin crystallise s. 

The resin of eh mi contains two resins, one crystal Usable. Both 
are said to be C20 H10 O2. A.nime also contains two resins. 
JSujihorbium yields a resin having the same composition as ulemi. 
Benzoin contains, besides benzoic acid and a volatile oil, three 
resins, alpha, CboTIezOu; beta, CV> 1 ha Oo ; and gamma, Cao 
II20 Oa . The resin alpha contains the sunt of the other two, 
and by long boiling with carbonate of soda, which dissolves tho 
resin gamma alone, is resolved into them. 

Balsam of Tolu contains, besides essential oil, bonzoic and 
cinnamic acids, and a carbohydrogcn, C2* lh«, a resin, Cih K10 Go. 
It contains the elements of benzoic other, plus 1 eq. oxygen. 
When the balsam is distilled, per se, it actually yields benzoic 
ether, along with a«new carbohydrogcn, called benzocue or toluole , 
Cu Hs , homologous with benzoic, Cia IU , This last compound 
yields with sulphuric acid a now acid, Ci* H7 82 (h 3 IIO; 

and, with nitric acid, two new nitrogeuised compounds, Cu | , 

called nitrotoluole, analogous to nitrobenzole, and another, bini- 
trotoluole, Cu Ha -f 2 N 0* . The former is isomeric with salicy- 
lamicle, and with anthranilic acid, and, like the latter body, when 
heated with lime, yields anilino. When acted on by hydro- 
sulphur et of ammonia, it yields another artificial base, toluidine. 
With chlorine, toluole also yields several new products. Balsam 
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of Peru has already been mentioned, along with balsam of Tolu, 
under cinnamyle. 

Styracine , the resin of styrax, is Ca* ITn Oa(r') Win n acted on 
by nitric acid, it yields the products of decomposition of cinnamic 
acid. When Raid storax is distilled with water, it yields a 
remarkable oil, styrole y Ci« lie, which has been already described 
as oil of sfcorax. 

When liquid storax is distilled with carbonate of soda, styrole 
distils over, and in the residue is found cinnamate of soda and a 
crystalline body, sty ratine. The occurrence of cinnamic acid 
along* with styrole in storax, is a strong argument in favour of 
the identity of styrole and einnamole. Styracine is Cao Ilia 0+, 
and is a compound of cinnamic acid, Ci« JI 7 Oa, with the body 
Cia Ho 0, the oxide of a radical, which may be called styryle, 
(hs Ho, in which the carbun is to the hydrogen, as in benzole, 
(ha Ho, styrole, Cie IIs, and metastyrole, Ci* H 7 , or as 2 to 1. 
When styiucino is heated with solution of potash, cinnarnate of 
potash is left, and there distils over the hydrated aside of sty ryh, 
Cis 1I» 0, 110 = Cis H 10 0-i , which is a true alcohol of the 
cinmunic series, bearing to hydrated cinnamic acid, Cis IIs Ot, 
the same relation us alcohol does to acetic acid. It will be 
remembered that balsam of Peru yields a compound, cinuameine, 
analogous to styracine, containing cinnamic acid combined with 
the oxide of auother radical, Cis Hu, and yielding an alcohol, 
Cis Hist O 2 . It is probable that we shall hereafter find all the 
acids of the benzoic and cinnamic series to form such oxides or 
ethers, and hydrated oxides or alcohols. 

The hydrated oxide of styryle, called also styrone, exists in two 
forms, as an oil and in a crystalline form, of the same composi- 
tion, Styracine, the cinnamuto of oxide of styryle, exhibits also 
two isomeric or allotropio modifications. Styrone is easily 
oxidised into cinnamic acid, as alcohol is into acetic acid. 

C«II«0* + 0 *=C4Tl4 0* + 2 IT 0 ; and Ch* H 10 O* + CbmCi* H«0* + 2 H0 
-Alcohol. Acetic Acid. Styrone, Cinnamic Acid. 

The resin of gvaiacum is remarkable for its tendency to become 
blue by the contact of many different substances. It contains 
two resins, but their composition is not ascertained. Lac contains 
four resins, beside colouring matter, JJatnwara, mastic , dragon's 
blood , and sandarach , are resins much used in making varnishes. 

Jalap contains two resins : one, a soft resin soluble in ether, 
C 49 Hs* Ois ; and an acid resin insoluble in ether, which, from 
striking a tine red colour with sulphuric acid, is called rhodeoretine, 
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C43 Haa Oao. "When combined with bases, it takes up 1 cq. 
water, forming hydro rhodeoretine , very similar to rhodeoretine, 
but soluble in water, C>a O21. 'When rhodeoretine is acted 
on by hydrochloric acid, it is resolved into grape sugar, C12 Ui 
O12, and an oily liquid rhodeoretinole, Cso H10 Os . This reaction 
places rhodeoretine near to salieine and phloridzine. On the 
other hand, if we compare 7 eqs. of starch, 7 (Cia llio Oio ) = 
Ca* H70 O70 with 2 eqs. rhodeoretine, 2 (C*a Iha Oao) = C.s*. Ibo 
0*o, we can see how this resin may bo formed from starch, vfec. 
by deoxidation. Rhubarb contains 3 resins, aporctinc, phicoreline, 
and crythroretine . The two first are both Cio 11« O7 ; the third is 
C10 H. O7 . They are accompanied by an intensely yellow 
crystal lisable acid, chrysophanic acid, (ho ILs 0.» or Cio II 32 O12. 
This latter substance is also found in lichens, such as Vannclia 
parietina , St/uamaria el cyans, (fee. Copal , which of all the 
resins is the most insoluble, is said to contain live re>ins. Copal 
varnish is made by adding hot oil of turpentine to copal fused at a 
gentle heat. 

Turf or peat contains several resinous bodies, examined by 
Mulder. In the turf of Friesland he found 4 re-ins ; alpha , 
C30 Hio ()»; beta, C77 Hn? Ow; gamma , Cio* iJw* 0»; aiul 
delta, Cm fim Oi> • A lighter kind of turf from another 
io&dity yielded two resins; alpha , Css ILs On; and gamma, 
C«<» II** Oo . 

llesinous varnishes are made by dissolving resins in oil of 
turpentine and other essential oils ; or in drying oils. Spirit 
varnishes are made by dissolving resins in very strong uloohol. 

ACTION" OF HEAT ON RESINS. 

When resins arc* distilled in close vessels, they yield a great 
deal of gas of a high illuminating power, and many volatile liquid 
compounds of carbon and hydrogen. 

I’inic acid yields, when heated, colopholic acid . Colophony 
yields resineinc, an oil, C20 II in 0 ; also retinaphthn, Cm Hh , 
identical with toluolo or toluene, which with chlorine forms a 
compound Cu II« OI2; retinyUne , Cis Ilia, isomeric with cumolo 
or cumeno, which with sulphuric acid yields an acid, isomeric with 
sulpliocumenic acid, 'Cm Hu S* On, 110; retinoic , Csa Ilie; and 
finally a solid product, retist&rene , fusible at 152°, having the 
same composition as naphthaline, C20 Hs . 
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COLOURING MATTERS CONTAINING NO NITROGEN. 

1. Yellow colouring matters. 

Tho following arc the most important of the yellow vegetable 
colouring matters, many of which are used in dyeing. 

Curcumine , from the root of Curcuma long a, is resinous, and 
is dissolved by alkalies, which change it to brown. Hence it’ 
is used as a test for alkalies, under tho name of turmeric , 
Gamboge yellow is extracted from gamboge, the dried juice of 
Garcinia gamhogia . It is resinous and powerfully purgative. 
Annoito or A nut to is obtained from tho seeds of JJixa wetland 
and IS l v tell a tinctoria . Carotene is tho colouring matter of the 
carrot, Dancns curota . Jlhubarbcrinc is a name formerly given 
to the yellow acid of rhubarb, now called ehrysophatric acid, 
which is found also in lichens as above stated. It has great 
colouring power, and yields a lino violet with alkalies. It is 
fusible and volatile. Formula, Cio Ha Os. From occurring 
in Panmlia par id inn , it lias also been called parietine and 
parictinic acid. Lutcolinc , the colouring principle of Reseda 
lutcola or Wood, is volatile and erystallisable. Quercitnne f 
from the bark of Quercus tinctoria , is crystalline, and its com- 
position is CjaTIs O y , HO. Other yellow colouring matters 
are Marine, from Morns tinctoria ; Safflower yellow , from Gar- 
thamus tinctorius ; Polychroite from Saffron ; Morindinc, from 
Morinda citrifolia , which resembles the Kubian of madder, and 
yields morindoue, a red body like alizarine. Perhaps morindine 
is identical with rubian. There are other colouring matters of 
less interest. 

2. lied colouring matters. 

Draconian, or Dragon’s blood, is a red gum rosin, from Dracwna 
draco. It is much used to colour varnishes. Santaline , the 
colouring matter of Pterocarpus santa/inus , is also resinous, and 
has an intense red colour. Anchusine , from Anchusa tinctoria , 
is the source of the colour of alkanet ; it is resinous, and yields 
violet vapours when heated. Carthamine is the red colouring 
matter of sa Mower, Carthamus tinctorius. It is a very lino 
and intense red, much used for dyeing rose colour, for pink 
saucers, and lor rouge, at least the rouge regelate. 

Madder , the root of liuhia tinctoria m, contains three different 
red colouring matters, tnadder-purple , r< d, and orange. All three 
are vftatile ; and the sublimed crystals of madder-red, which are 
of a fine orange-red colour, arc called alizarine. This is the sub- 
stance which yields the turkey-red dye. With alkalies it yields 
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purple or violet colour ; with acids, yellow. When dissolved in 
hot water or alcohol, alizarine yields rose-coloured solutions. 
The' fcoanpOsition of alizarine is C«o Hi<> 0 IO = CsoIIa On -f 4 aq., 
in the state of hydrate. According to Roehiedor, madder con- 
tains, besides alizarine, a yellow* crystalline acid, C 72 IU 0«>, 
which, when heated with acids or alkalies, yields sugar, Cia H 10 
Oio, and alizarine. Helm 110 k, who had previously observed this 
fact, called the yellow body rulnaruK Notwithstanding the 
labours 'of many excellent ohemists, the subject of madder lias 
not yet been cleared up. 

IlwmatoxyUne is the red of loywood } l feem ataxy linn Cam pc chi • 
amm. It is soluble in water and alcohol, and yields orange 
crystals, which give to water a red colour, brightened by acids 
aud turned to a violet or blue by alkalies. With alum, logwood 
yields various shades of violet ; with an iron mordaut, grey and 
black. Black cloth and hats are dyed with it, which is the 
reason they are reddened by acids. According to Erdmann, pure 
lnematoxyline is pale yellow, and is coloured red by the atmo- 
sphere. Its formula he found to bo CV> H*7 (ho. When acted on 
by ammonia, it yields hamate iri ", which is dark-red, and forms 
with excess of ammonia a splendid purple matter, lliemateino is 
C*oII*3 O and the purple compound with ammoira is C W} H» 
Oie -f 2 N II» *f aq. Brazilwood and Camwood yield colouring 
matters very similar to luematoxyline, if not identical with it. 
The red of China nova hark is C 12 Uu0 3 . 

Many flowvrs contain a red colouring matter, which is turned 
preen hy alkalies, and is very fugitive. It is soluble in water 
aud alcohol. 

3 . Bins colow'iny matters. 

These are chiefly found in flowers and fruits. They are very 
closely allied to the red of dowers and fruits, which arc no doubt 
often derived from them by the action of acids. They arc all 
turned green by alkalies, and red by acids. Buch blue colouring 
matters as are more permanent contain nitrogen, and will bo 
considered hereafter. 

4. Green colouring matter . Cldorophyll . 

This is the green of leaves. It is of a nature allied to that of 
wax* soluble in ether and alcohol, insoluble in water. It is very 
neutral or indifferent in its relatione to other substances. 

Polychrome is the name given to a peculiar crystalline principle 
found in some vegetables, such as quassia. It gives to water the 
quality of exhibiting a curious play of colours, among whilfo blue 
predominates, like that of the opal, when the solution is viewed 
by reflected light ; 1 part will give this property to 1,500,000 of 
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water. Its formula is said to be Cie Hs O 0 , H 0, which is the 
same as that of quercitrine , and contains 2 eqs. of oxygen more 
than the aporetine of rhubarb. 

NON-AZOTISED VEGETABLE COMPOUNDS, TIIE NATURE OF 
WHICH IS NOT YET ASCERTAINED. 

Jn this subdivision may be included a number of compounds, 
most of which crystallise and have a bitter taste, but are neutral 
and cannot yet be referred to any particular series of compounds. 
Salicine, pliloridzine, and rhodeoretine, which would formerly 
have been here described, are now treated of along with sub- 
stances allied to them# The substances now to be briefly 
mentioned have usually been termed the bitter and extractive 
principles of plants. 

Gentianinc , from Gentiana lutea , forms yellow needles, very 
bitter. Menyanthine , from Menyanthes trifoliata , is bitter, but 
does not crystallise. Athamantine , a bitter and acrid crystalline 
substance found in Athanmnta oreoselinum , is C*s Hno Oi*. 
When combined with hydrochloric acid and boiled, it is resolved 
into oreosclone and valerianic acid. Thus : 

II 30 Oit = 2 (Oio IIio 0») + Oas Hio On. 

Valerianic acid. Oreoaelouc. 

Alt in thine, from Artemisia ahsinthiutn , or wormwood, is a 
semi-crystalline mass, very bitter, soluble in alcohol. Tana - 
cetine , from Tanacetum vulgar e t is very similar to it. 
Stanton ine is a beautifully crvstallisable compouud, obtained 
from Artemisia contra. It is soluble in alcohol, bitter to the taste, 
volatile, and coloured yellow by the action of light. Populine y 
from the bark and leaves of Pop ulus tremnla , forms white crys- 
tals, of a sweetish and acrid taste, coloured red by sulphurio acid. 
It may possibly be connected with salicine. Liriodendrine is 
a crystalline bitter substance, from the bark of Liriodendron 
tulipifera . Picrolichenine is an intensely bitter crystalline com- 
pound, found in the lichen Variolaria amara . It is powerfully 
febrifuge, lu contact with ammonia and without the access of 
air, it is changed into a reddish-yellow matter, which finally 
deposits yellow crystals, not bitter. With access of air, it yields 
with ammonia a deep red very soluble matter. Cetrarine is 
another bitter principle, from the lichen, Cetraria Islandica, or 
Iceland moss. It is coloured doop blue by hydrochloric acid. It 
it is sail also to be febrifuge. I lie ine , from Ilex aquifolium , forms 
brownish-yellow crystals, very bitter and febrifuge. Syringine 
is the bitter principle of the lilac, Syringa vulgaris . It is 

A A 
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crystalline and soluble in aloobol. Daphnine is a bitter crystalline 
substance, obtained from Daphne Mezereon , Hesperidine is a 
crystalline body found in the Spongy onvelope of oranges and 
lemons. Elaterine is the active principle of Momordini vlaterium , 
is crystalline, bitter, and very purgative. Its formula is C u0 
Hi* Ofc(?) Volocynthiney the active principle of colocynth, is amor- 
phous, intensely bitter and purgative, Bryonine , fiom Bryonia 
alba and dioica , is similar in its properties. Mudarinc is the 
emetic principle of Calutropis mudarii ; it is a brown amorphous 
matter, the solution of which in wuter gelatinises at 95^, and 
becomes again liquid on cooling. Scilliline is the bitter of Sc ilia 
maritima. It is amorphous, bitter, ^purgative, and emetic. 
Cathartine is the bitter purgative principle of senna. Antiurine , 
Cas Ilao Oi<>, is the active principle of the poison called Upas 
antiar . It is, when introduced into a wound, especially along 
with soluble matters, such as sugar, a most poweiful poison, 
and, hitherto, no means are known by which its fatal action can 
he arrested. Diyitaline , the active principle of Digitalis, for- 
merly supposed to be a base, is now said to be non-a/otised, and 
to have the formula C 20 His 0». It excites violeut sneezing, and 
is very poisonous, if taken internally. 

Zanthopicrine is a bitter crystalline substanco from the bark 
of Zanthoxyhnn Clava Jlerculis . It has been little studied. 
Picrotorine, the bitter principle of Menisperrnum cocculus ( Coc- 
culus indicns)y forms white prisms. The composition of these is 
said to be C 10 IIo 0* , but some recent researches seem to show that 
picrotoxine is a vegetable base, and contains nitrogen, like all that 
class of compounds. Cantharidirie, the aotive principle of oantha- 
rides, forms rhombic scales, which are said to bo C 10 Ho O* , the same 
formula as that above given for picrotoxine. Columbine is a 
crystalline bitter substanco, obtained from coin mho , the root of 
Menisperrnum palmatuniy and somewhat analogous to picro- 
toxine. Phloridzinty from the bark of the root of the apple, 
pear, cherry, plum, &c., resembles salicine, and is, according to 
Strecker, C%a Ita* O 20 4~ 4 nq. By boiling with acids, it is 
resolved into grape sugar and phloretine. 

C« H*4 Oao + 2 n OssOw Hit On + Cao Hi* O.o. 

Grape Sugar. Phloretine. 

By the action of air and ammonia, it yields a blue compound, 
phloridzeine, C4a Hso Na Oae. Quassine is a yellow, crystalline, 
and very hitter substance from the wood of Quassia amdra. Its 
formula is said to be Cao Hia Oe . Quercetrine , from queroetron 
bark, has been lately shown to be Cao His Oao + 2 aq. It seems 
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to be homologous with phloridzine, and like it, when boiled with 
acids, yields grape sugar, and a new body, quercetine, 

Cso Ills Osso + 2 H 0 = Ci« His Oia + C 2 * Ha Oio. 


Grape Sugar. Quercetiue. 

Thus quercetine is homologous with phloretine. Lupuline , the 
bitter principle of hops, is not crystallisable. Lactucine is a 
crystalline resinoid bitter substance, from the juice of Lnctuca 
vtrosa ( Lactucarium ). It has anodyne properties, Ergotine 
is an uncrystallised brown powder, extracted from ergot of 
rye by hot alcohol, after the fatty matters have been removed 
by ether. It appears#o be poisonous, and is probably the 
active matter of the ergot. Porphyroxine is a crystallisable 
substance found in Bengal opium. Its solution in diluted 
acids becomes red when boiled. It requires further investiga- 
tion. Saponine is a peculiar principle, found in the root of 
Saponaria officinalis. It is white, amorphous, and has a taste 
first sweet, then styptic, and finally acrid. It is a powerful 
sternutatory. It is soluble in water, and its solution, even when 
much diluted, froths when agitated, like a solution of soap. The 
root is used as a detergent. When acted on by alkalies, it is con- 
verted into an acid, saponic acid, Cae II23 O12. Smilacine is a 
crystalline substance, found in Smilax sarsaparilla . Its com- 
position is Ci 5 II 13 Os. In China nova there is found a substance 
very analogous to smilacine, the composition of which is 
Cis Ilia 0 *: that is, smilacine, minus 1 eq. water. Seneyuine is 
an acrid and astringent substance, found in Polygala senega . It 
excites sneezing powerfully. Formula, C22 His On. Guaiacine 
appears to be the active principle of guaiacum. It is acrid and 
bitter. Plumbagine \ extracted from tho root of Plumbago 
europaa , forms yellow prisms, the taste of which is first sweet 
and styptic, then acrid and hot. The yellow colour of its 
aqueous solution is turned cherry-red by alkalies. Cyclamine is 
a crystalline matter from the root of Cyclamen europneum. It 
is very acrid, purgative, and emetic. Pen ceda nine is a very 
acrid crystalline principle derived from the root of Peucedanam 
officinale. Formula Ca* Ilia Oe . When heated with potash, it is 
resolved into angelio acid and oreoselone. 

Angelic Acid. Oreoselone. 

C» Hu 0» + 2 H 0=Cu» H« 0* + 0>* 1£« 0.. 

Imperatorine , Can Ilia Oo , is a crystallisable compound, obtained 
from the root of Imperatoria ostruthium. It is very acrid and styptic. 
P kitty vine ) from the bark of various species of Phillyrea , crystal- 
lises in silvery scales, which are bitter. Fraxinine i from the bark 
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of JFraxinus excelsior , is a crystnllisable bitter principle* Tangh ine 
is a similar substance from Tanghinia Madagascar iemis. It is 
poisonous* Melampyrine is a tasteless, neutral, crystalline sub- 
stance, from Melampyrum nemorosum. Meconine is a neutral, 
crystalline compound contained in opium. It is soluble in water, 
alcohol, and ether. It is acrid to the taste, fusible and volatile. 
Formula Cio HbO*. With nitric aoid it yields nitromeconine 
or nitromeconic acid, C20 IIo N Oia. As meconine may be C20 

Hio Os, nitromeconine is C«o j which 1 eq. hydrogen 

is replaced by 1 cq. nitrous acid. Chlorine transforms meconine 
into crystals containing chlorine, whiid^ however, by the action 
of alkalies, yield an acid free from chlorine, mechloic acid, 
Ci* H 7 O 10 (?). 

Cubebine, Ca* IIi« O10, is a crystalline compound contained in 
cubeb9. Olivile, Cvi Ho 0 +, is a cry stalli sable acrid substance, 
found in the gum of the olive-tree. Olivine is another crystalline 
matter found on the leaves of the same plant. Tt is bitter. 
Cnicine is a crystalline matter, found in Contoured benedicta , and 
in the numerous family of the Cynaroccphalctc . It is neutral and 
bitter, and very similar to columbine. Its formula is (ho II20 On • (?), 
and some respects it approaches to salicine and phloridzine ; 
but it requires further investigation. Li mo nine, or Lfowne , a 
bitter crystalline matter found in the seeds of oranges, lemons, 
&e., has not yet been fully examined. AngeJicinc is a crystallised 
compound found in angelica root. 

Besides the above, which have merely been briefly catalogued 
for want of space, at least an equal number of substances, chiefly 
crystallisahle, and either bitter, acrid, or in a few cases tasteless, 
have been extracted by various chemists from many di Heron t genera 
and species of plants, but have been so little examined hitherto 
that we cannot safely describe them as distinct and peculiar. 

NITROGENISED COLOURING MATTERS, AND ALLIED SUBSTANCES. 

There arc several fine and valuable colours, which contain 
nitrogen as an essential element, and probably in the form of 
ammonia or amide. Such colours arc archil , litmus , and cudbear , 
derived from certain species of lichens ; and indigo , derived 
from the juice of various plants, especially different species of 
indigofera . All these colours are derived from colourless com- 
pounds, frequently of an acid nature, by the combined action of 
air and ammonia. Of these colourless substances, the most im- 
portant are, lecanoric acid, erythric acid, orsellie. acid, cvernic acid , 
and or cine. 
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These acids are easily extracted by the following process 
(Stenhouse). The lichens cut in small pieces are moistened with 
water, and after remaining half an hour, slaked lime is added, and 
the mixture allowed to stand for a time. It is then placed in a 
vessel with a double bottom, the upper being perforated, and the 
liquid displaced by cautious addition of water, as long as that 
which drops gives a deep purple-red colour with bleaching liquor, 
a character belonging to all the acids which yield archil. The 
solution is then supersaturated with hydrochloric acid, and a 
gelatinous precipitate falls, which is washed and dried. The acids 
are extracted from it by weak alcohol, without boiling, which 
would form other compounds. 

1. Lecanorio Arid occurs in Lecanora tartar ea y Gyrophora 
pustulata , and other lichens. Its formula, according to Sehunck, 
is (Jin Ho Oy= Ci h I1h Os, II 0. According to Stenhouse, it is 
Cm His Ois = ( *3o Hu Oi+, H 0. It forms minute white crystals 
insoluble in water, solublo in alcohol and ether. When heated 
to 212° it becomes anhydrous, Cis Ha Ob. When heated with 
alkalies, such as baryta, a carbonate is deposited, and a sweet 
substance remains dissolved, which crystallises on evaporation. 
This is or cine 9 which is formed along with carbonic acid, according 
to the following equation : — 

C 1 bTI«0* = 2C0i + CiaTTsO* 

A n hydrous leeauoric aoid. Anhydrous oremo. 

The same change takes place when lecanorio acid is boiled with 
water, and for this reason orcine alone is obtained when the 
lichens are extracted by that solvent. According to Stenhouse, 
the change is not quite so simple. 

lly the combined action of air and ammonia, lecanoric acid is 
gradually changed into a deep rich blue or purple mass. Hero 
orciue is first. produced, and by the action of ammonia on that 
compound, orceine, the blue compound, is formed. When heated, 
lccanoric acid yields a sublimate of anhydrous orcine. When 
boiled with alcohol, it is gradually converted into the following 
compound. 

2. Lecanorate of Oxide of Ethyle. Syn\ Pseudoerythrine of 
Heoren ; Erythrine of Ivane. — This compound is formed when 
lecanorio acid and the lichens containing it are boiled with 
alcohol. It is soluble in hot water, from which it crystallises 
on oooling, and the solution, after long boiling, contains orcine. 
It may be sublimed unchanged, and when boiled with alkalies it 
yields alcohol, carbonic acid, and orcine. Its true nature was 
discovered by Sehunck, who also lirst detected lecanorio acid. Its 
formula is Caa Hia Ot> = C* Ha 0 + Cia Ha Oa . 
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Zecanorate of Oxide of Methyle is analogous to the preceding 
compound. 

3. Orcine forms large transparent crystals, is very soluble in 
water, and has a sweet taste. AVhen anh} T drous, it may be 
distilled unchanged. AVhen mixed with ammonia, and exposed 
to the air, it gradually acquires a deep blood-rod colour, forming 
a nitrogenisod colouring matter, orceine, soluble in ammonia 
with a deep red, in fixed alkalies with a rich violet colour, the 
formula of which is Cia N He O7 . The production of anhydrous 
orcine from lecanoric acid, by boiling with baryta, or even by 
boiling with water, has been described above. Rut the crystals 
of orcine, as deposited from its aqueous solution, are a hydrate, 
Cl® Hu 07=016 II* 0*4- 3 II O. It is this hydrate, which, 
with the addition of o eqs. of oxygen and 1 eq. of ammonia, yields 
orceine and water. 

Cifl Hu O 7 + Oft + NHj= Cm N He O 7 + 5 no 

Hydrated orclnc. Orc<*liio. 

Orcine forms with oxide of lead a compound, the formula of 
which is Ci« H * 0* 4- 3 Pb 0. 

4. Parullic Acid. — This acid accompanies lecanoric acid. It 
forms either minute crystals, the formula of which is C21 Ha Ou>, 
or laTge hydrated crystals, which are transparent and of great 
density. The formula of tho latter is 0a 1 Hu On =02i 11s Oj<>, 
II 0. AVhen heated to 212°, both kinds lose water and become 
0«i Hr 0», which is probably the formula of tho anhydrous acid. 

AVith ammonia, paredlic acid becomes brown, and when heated 
with fixed alkalies, it yields carbonic acid, and other products, 
not investigated. 

5. Erythric Acid . Syn. Orcino-lecanoric add. This acid is 
found in Pannelia roccella , and Roccella tinctaria, the latter being 
the lichen which yields the best archil . AVhen heated, it yields 
a sublimate of orciuo, and when boiled with alkalies, it is 
resolved into carbonic acid and oroine. A\ r hen boiled with 
alcohol, it yields leeanorato of oxide of ethylc. All these facts 
indicate a close relation to lecanoric acid, and Scliunck, who 
discovered the erythric acid, has pointed out that its formula, 
Ca* H10 Oia, represents a oompound of 1 eq. leeunorio acid and 
1 cq. orcine. It is probably therefore a coupled acid, orcino- 
lecanoric acid. 

Ci# H« 0# 4~ Hu 0? = Cn Hid 0 1 5 



It combines with 4 eqs. of oxide of lead, three of which pro- 
bably unite with the orcine, and the fourth with the leoanorio 



ERYTHRIC ACID. 


359* 


ncid. When boiled with alcohol, it is resolved into lecanorio 
acid, which unites with oxide of ethyle, and orcine, which is 
found in solution. It must also yield orcine in large quantity 
when boiled with baryta, in which case it loses 2 cqs. of carbonic 
acid, and takes up 3 eqs. of water. 

Cru II ie Om + 3 H 0 = 2 (Cio Hu Or) -f 2 C Oa 
Erythric acid. Hydrated orcine. 

In other words, the orcine ready formed is separated, and the 
lecanorio acid undergoes the change formerly described. 

Krythric or orcino-lecanoric acid is the most important of all 
the principles found in lichens ; some of them, treated as Sten- 
liouso recommends, yield 12 per cent, of the crude acid; hence 
their superior value. Hut Stenhousc states the formula of this 
acid to be C*> Iln Oio = O 20 Ilio Oo, H O: and if so, the pro- 
duction of orcine from it cannot be so simple as above stated. 
Stenhouse states that when erythric acid is boiled with lime or 
baryta, it yields picroorythrinc, and a new acid, erythrolesic 
acid, which, when boiled w ith water, yields carbonic acid and 
orcine. Like lecanorio acid, erythric acid readily forms ethers 
when boiled with alcohol or pyroxilio spirit, but those appear to 
contain not erythric but erythrelesic acid, and it would seem 
therefore probable, that in Sch 11 nek’s mode of extracting erythric 
acid, by boiling the lichen with water, it had been converted into 
erythrolesic acid, and that therefore this latter acid is the same 
as Schu nek’s erythric acid, while the true erythric acid is that of 
Stenhousc. 

Variolar ine is the name given to a substance obtained by 
Itobiquet from Variolaria dcalbata . It has been little studied, 
and is probably identical with some of the compounds above 
described. 

C. Prvroerythrine . Syn. Erythrin-hitter of lleeren. Amary- 
thrine of Kane. — This compound is formed when erythric acid, 
or the lichens containing it, arc boiled w T ith water, and is the 
cause of the bitter taste of the decoction. When boiled with 
baryta it yields orcine, erythromannite, and carbonate of baryta, 
and when heated, it yields a sublimate of orcine. This is easily 
explained by its formula, which is C-s* Ha * O 20 , that is, erythric acid 
plus 6 eqs. of w ater ; but, according to Stenhouse, it isCs* Has Oao, 
and he also discovered tho formation of erythromannite when 
picroeryt brine is boiled with bases. 

7. Erythromannite . This very curious substance is formed 
along with a little orcine and carbonio acid, when pieroerythrine 
is boiled with baryta. It is soluble both water and alcohol, 
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and forma very large colourless crystals, of a sweet taste. It is 
very analogous in its properties to mannite, and its formula is 
Cu Hi* On, while that of mannite is Co H 7 Oo or Cia lli* Oia. It 
is not impossible that these two bodies may be homologous, and 
that their true formulas are yet unknown. Stenhouse at first 
gave to erythromaunite the formula C 10 His O 10 , nor has any 
reason been given for changing it to C 11 Hi* On. If the latter be 
correct, however, the difference between it and that of mannito is 
C 0, and it is possible that homologous scries may exist in which 
C 0 is the common difference ; but it is more probable that the 
difference may really be C II, or Ca Ha. Like mannite, erytliro- 
raannite forms with nitrio acid a compound, in which 6 eqs. of 
water are replaced by 0 of nitric acid. 

8. Alpha Orsellic Acid. Found by Stenhouse in Jloccclla 
tinctoria , from South America. It is crystallisablo, nearly 
insoluble in cold water, soluble in hot water. Its formula is 
Caa Hi« Oi* ss Caa Hi« Ois, II 0. With bleaching liquor it forms 
a deep but fugitive blood-red colour, as do all the acids which 
yiold orcine and archil. Its solution in ammonia also becomes of 
a deep red colour when exposed to the air. When the neutral 
alpha orsellate of baryta is boiled with water, a new acid is formed, 
alpha orsellesic acid, Ci* He Os s= Ci« Hs O 7 , H 0. When this 
acid is boiled with water, it yields carbonio acid and colourless 
oroine. With bleaching liquor it gives the same fugitive violet 
colour as orcine, not the blood-red of orsellic acid. It oombines 
with oxide of ethyle, but orsellic acid does not. 

9. Beta Orsellic Acid is found in the samo lichen from the 
Cape. It is prepared like the other acids, and closely resembles 
the preceding in all its relations. It is intermediate in properties 
between alpha orsellic and erythrio acids, but nearer to the 
former. Its formula is Cs* His ()i# = Ca* Ifu Oi*, H 0. It 
yields, like the preceding acid, a beta orsellesic acid , not yet ana- 
lysed, which is capable of forming ethers, and when boiled, yields 
colourless orcine. 

10. Roccettine . This body is formed along with the preceding. 
It is neutral, yields no red colour with bleaching liquor, and its 
formula is Cm H 17 0i6 , 

11. Evcrnic Acid . Found in Evernia prunaslri. This acid 
resembles the others, but is not coloured red by bleaching liquor. 
It however yields orcino when heated, and gives a red colour 
with ammonjia on exposure to the air, but slowly. Its formula is 
Cs* His Oi* = Ca* His Ois, n 0. When boiled with bases, it 
yields ever ne sic acid , and orcino. Evernesio acid yields no red or 
purple with bleaching liquor or ammonia. Its formula is Ci» II 10 
Ob = Cis Ho O 7 , H 0, very near to Scliunck’s formula for leca- 
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none acid , from which, however, it is quite distinct. It com- 
bines with oxide of ethyle. 

It will be seen that all the above acids, as found in lichens, 
namely, lecanorie, erythrio, alpha orseliio, beta orsellic, and 
evernie acids, yield red dyes with ammonia (orceiue or archil 
dyes), and strike a blood-red but fugitive colour with bleaching 
liquor. But ail of them, when their neutral salts are boiled, 
yield new acids, such as erythrelcsic and the two orsellesic acids, 
(lecanorie acid no doubt yields one of these, or a similar acid), 
whicb, save in the case of evernesio acid, strike a violet colour 
with bleaching liquor. h 7 ow, these last acids, when boiled with 
water, yield colourless orcine and carbonic acid, and this is the 
best method of obtaining orcine, the true origin of the dyes 
formed with ammonia. If orcine be required in large quantity, 
and slightly coloured, which does not interfere with its proper- 
ties, it is best obtained by extracting the lichens with milk of 
limo in the cold, passing carbonic acid through the liltered 
solution as long as carbonate of lime is formed, after boiling it 
for some hours, and evaporating it to a small bulk. The filtered 
liquid is to be evaporated to dryness, and the residue boiled in 
strong spirits, which, on standing, deposit abundance of orcine 
in reddish crystals. These may bo further purified by solution 
in ether arid evaporation in vacuo, when large crystals are 
deposited with little colour, apparently anhydrous orcine. Orcine 
gives, with bleaching liquor, the same fugitivo violet colour as 
erythrelcsic and orsellesic acids, &c. ; and, as has been already 
stated, it yields, with ammonia, on exposure to air, the deep red 
orceine. For our knowledge of these singular compounds we are 
chiefly indebted to Schunck and to Stenhouse. The latter recom- 
mends that the acids of the lichens should be extracted by his 
process, with limo and hydrochloric acid, on the spot, and the 
dried precipitate of crude acid imported instead of the bulky 
lichens, which contain from 2 to 12 per cent, only of available 
colouring matter. The process is so easy, and the value of the 
crude acids — probably 1000/. per ton — so great, that the recom- 
mendation of Stenhouse will probably be adopted. 

12. Usnic Acid. — This acid is found in many lichens, such as 
Lichen ratnjiferinus , and in many species of Usnea y Ramalina , 
JParmelia , Jiiatora , Lecidea, Akctora 9 Eccrnia , and CUtdunia . 
It is extracted by Stenhouse’ s process, and forms sulphur-yellow 
crystals, insoluble in water and alcohol. Like the other acids of 
the lichens, it yields coloured compounds under the influence of 
air and ammonia or fixed alkalies ; but these appear to contain 
no nitrogen, and are not blood-red or purple, but red. It cannot 
bo made to yield orcine, so far as is yet known. Its formula is 
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Css Hi? Oi*, which corresponds to 2 cqs. of lecanoric acid, plus 
C* Ht , and minus Oa . 

13. Chrys&phanic Acid . — This is another crystallisable acid, 
found in Parmelia parietina . It forms golden-yellow crystals, and 
with alcoholic solutions of potash and ammonia yields a splendid 
red colour. Its formula is said to he C 20 II» Oa , which might be 
naphthaline, C 20 lis , plus 6 eqs. of oxygen. Its salts are blue or 
violet when dry, red in solution. This acid has also been found 
in rhubarb by Schlossberger and Doepping. This and the pre- 
ceding acid were discovered in the lichens by Roohlcder and 
Heldt. If these two acids are employed in dyeing, they yield 
colours quite different from those giv r eu by the white acids pre- 
viously described. 

14. Archil contains, according to Kano, two blue compounds, 
which he calls alpha orceine and beta orctinc, <Ji« 11 jo N O#, and 
Ci# II 10 N Os ; besides a third of an acid nature, cry (hr oleic acid } 
C 26 Ilaa Os • 

15. Litmus contains, according to Kane, a red fluid, cry- 
thr oleine y C*o II 22 CL; and three solids, of a purple colour, 
crythrQlitmine , C 20 Ilaa Oi* ; azolitmine , which contains nitrogen, 
and is the principal constituent of litmus ; and spa niolilmine y Cjs 
H 7 Ohj. According to Gelis, litmus contains three colouring 
matters, one soluble in ether, which is orange-red ; one soluble 
in alcohol, blood-red, and ono soluble in water. The second is 
the chief ingredient of the dye. All give blue compounds with 
alkalies. 

1(5. Fhlorukeine is the deep blue compound formed from phlo- 
ridzine by tho action of* air on ammonia. Its formula is C 12 IIso 
Na 0*>. 


1 7. Indiyo, 

This valuable dye has boon long known ; but it is only since 
1827 that its chemical relations have been accurately studied. 
No substance in the whole range of chemistry has yielded a 
greater variety of most interesting products : and the study of 
tho metamorphoses of indigo has already thrown much light 
on the laws of tho decomposition of organic substances. For 
what is known on this subject, we are indebted, flrst, in point 
of time, to Chevreul, Runge, Walter Crum, Liebig, Berzelius, 
and Dumas; more lately, and in an especial manner, to the 
comprehensive researches of Erdmann, Fritzsche, and Laurent ; 
the last of whom has mode known several interesting series of 
new compounds derived from indigo, and has both confirmed 
and extended, as well as corrected, in some cases, the previous 
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results obtained by Erdmann ; still more recently, Ilofmann and 
Muspratt have greatly extended our knowledge of the derivatives 
of indigo. 

Indigo is obtained from various plants, chiefly of the genus 
Indiyofcra, as J. tinctoria , anil, argeniea , &c., but also of other 
genera, as Nerinm , Isa t is, Pcryularia , Gymnema , Polygonum , 
Tephrosia , Amorpha , and others. In the juice of the plants, 
it exists in the form of a colourless soluble compound, probably 
a compound of white iudigo with an alkali. When exposed to 
the air, it is converted into the blue compound, and becomes at 
the same time insoluble, just as in an artificial solution of white 
or reduced indigo in an alkali. The manufacture of indigo is 
not thoroughly understood, but it would appear that ammonia, 
as well as air, contributes to the formation of the colour, pro- 
bably by converting into white indigo some compound present 
in the fresh juice, the nature of which, however, is still uncer- 
tain. In the Antilles and in the East Indies, the leaves are made 
to ferment in water, during which much ammonia is formed, and 
the indigo is found in the soluble state, ready to become blue and 
insoluble by absorbing oxygen. But iu North America, the dried 
leaves are infused in warm water, or boiled with water, till the 
liquid becomes green, when, on exposure to the air, it deposits 
blue insoluble indigo. Here the same change must, in great part 
at least, have taken place during the drying, as during the 
fermentation of the oilier process. 

The indigo of commerce is a deep blue powder, often cohering 
in cakes, and exhibiting, when polished by rubbing with the nail 
or any hard substances, a coppery colour and lustre. It is taste- 
less and inodorous, insoluble in water, and nearly so in alcohol 
and ether. It may be purified by treating it successively with 
boiling diluted sulphuric acid and with water, which remove a 
glutinous matter; with aqua potasaae, at a gentle heat, which 
dissolves a brown colouring matter, and with boiling alcohol, 
which takes up a red colouring matter. When fresh alcohol 
becomes no longer red, but blue, tho indigo is as pure as it can be 
made by such means. 

To purify it still further, it is digested with water, lime, and 
grape, or starch sugar, which deoxidises, or reduces the indigo, 
while the liinc combines with tho reduced indigo, forming a 
soluble compound, of a wine-yellow tint. This being filtered into 
dilute hydrochloric acid, which removes the lime, deposits pure 
indigo as a blue powder. Cloth steeped in the above solution of 
indigo, and exposed to the air, is quickly dyed blue, as the 
indigo, at the moment of being rendered insoluble, combines with 
the fibre of the cloth, to which it adheres very firmly, so that it 
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cannot be washed away. If indigo, grape sugar, soda, and alcohol, 
be digested together in proper proportions, a yellow solution is 
obtained, which, when exposed to air, deposits puio indigo, in 
crystals. (Fritzsohe.) 

Pure indigo, when rapidly heated on a slip of platinum, vola- 
tilises, yielding purple vapours, which condense in purple crystals 
on a cold surface. These crystals arc called indigotine : but they 
ore nothing else than sublimed indigo, and have all the chemical 
characters of pure indigo. When distilled, indigo yields, among 
other products common to all nitrogenised organic matters, a 
very curious oily liquid, of powerfully basic properties, and 
forming salts with acids which crystallise with singular facility. 
This base is aniline , phenylamine ) or phenamine , Cia H7 N, in 
which 1 of the 3 eqs. of hydrogen in ammonia is replaced by 
pheuyle, Cia Hs: thus N H a -f* Cia Ha = C12II7 N. It is found 
in the oil of coal-tar, as well as in the products of distillation of 
many uitrogenised bodies. 

Oil of vitriol dissolves indigo with a deep blue colour, forming 
two blue acids. This solution is much used in dyeing. Nitric 
a(jid, chloric acid, chromic acid, chlorine and bromine, all dissolve 
iq&igo, giving rise to oxygenised and ehlorinised or brominised 
products, all of which are yellow and orange-coloured. When 
boiled with strong aqua potassaj, indigo is also oxidised and 
dissolved in the form of new acids. 

When placed in contact with deoxidising or reducing agents, 
such as protosalts of iron, tin, and manganese, or honey and 
grape sugar, along with an alkali such as soda or lime, indigo is 
decolorised and dissolved in combination with the alkali. The 
addition of diluted hydrochloric acid, air being carefully excluded, 
precipitates reduced or white indigo . 

White or reduced indigo , Cia Ho N Oa , obtained as above 
described, is a crystalline powder of a dirty white, which, if 
washed with water previously boiled to expel air, and cooled in 
closed vessels, and dried in vaouo, is bluish externally, but grey 
^Within. The.blue parts being removed, the remainder is reduood 
indigo. When moist, it very rapidly passes into blue indigo, 
oxygen being absorbed ; when dry, the change is more slowly 
effected. It is insoluble in water and acids, very soluble in alka- 
line solutions ; its solutions, if exposed to the air, deposit pure 
indigo blue, as a powder. 

The first accurate analysis of indigo blue was made by Walter 
Crum; and his results have been confirmed by all succeeding 
experimenters. The formula now adopted for indigo, as agreeing 
best with its numerous metamorphoses, is one first proposed by 
Dumas, namely, Cm He N Oa , This formula is the same with 



INDIGO. 365 

that of cyanide of benzoyle, or of benzilo, Cu Oa -f Ca N =: 
C 10 HaN Oa. 

The relation of white indigo to blue indigo is, according to one 
view, the same as that of hyduret of benzoyle to benzoyle, or of 
alloxantine to alloxan. Thus we have 

Benzoyle Ci* IIs Oa Hyduret of Benzoyle Cu Ha Oa + H 

Alloxan C* H»N«Oio Alloxantine . . C» IhNaOio + H 

Indigo blue C10 II5 N Oa Indigo white . . CioHoNOa +H 

According to another hypothesis, white indigo is the hydrate 
of an inferior degree of oxidation of the same radical of which 
blue indigo is the higher oxide. Bluo indigo, on this view, is 
C 10 H®N 4- Oa, and white indigo is a hydrate, C 10 UsN-f 04- HO. 
This latter view is the more probable, not only in regard to indigo, 
but also in regard to alloxan, for, assuming un/leto be Cs Na Ot = 
Ul, alloxan will bo U1 0* + 1 II 0, and alloxantine will be U1 

4 - 0+5 no. 

The action of grape sugar, in reducing indigo, tells in favour 
of the latter hypothesis. For if white indigo is blue indigo plus 
hydrogen, this hydrogen is derived from water, the oxygon of 
which must have combined with the hydrogen of the sugar 
(to oonvert the sugar into formic acid, which is produced in this 
operation). Here, then, we should have oxygen leaviug hydrogen 
to combine with hydrogen, or, in other words, water produced 
and decomposed at the same time, which is in the highest degree 
improbable. To demonstrate this, let the radical of indigo be 
assumed to be anylo = (.So II sN = An : let blue indigo be An Oa, 
and white indigo An Oa , H or An 0, II 0. Then 12 cqs. of blue 
indigo, 12 of water, and 1 of grape sugar, act on each other, and, 
according to the view which makes white indigo the hyduret of 
blue indigo, the reaction is as follows: 12 An O a -fl2 II 0 + 
Cm Ilia O 12 = 12 (All Oa, II) + 6 (Ca H Oa ) + 6 H 0. In this 
explanation it is evident that 6 eqs. of oxygen have quitted 
hydrogen to combine with hydrogen. On the other viow tli# 
reaction is as follows, free from any such absurdity : 12 A 11 Oa + 
12 II 0 + Cl* Hia Oia = 12 An 0, II 0 + 6 (C* II O 3 ) + 6 H 0. 
Here the 12 eqs. of deutoxide of anyle (blue indigo) lose 12 eqs. 
oxygen, which arc replaced by 12 eqs. water; and the 12 eqs. 
oxygen acting on the sugar, 0 eqs. take 6 eqs. hydrogen, forming 
water, and 6 eqs. convert the residue into formic acid. The 
Btudent will bear in mind that Call Oais the formula of anhydrous 
formic acid, andCia Hi* Oia that of dry grape sugar. 

We shall therefore consider white indigo as the hydrated pro- 
toxide of anyle (C 10 H a N, 0 + H 0), and blue indigo as the 
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anhydrous deutoxidc (Cia Ha N, Oa ). White indigo forms com- 
pounds with bases, in which, no doubt, its hydratio water is 
replaced by an equivalent of metallic oxide, as in the general 
formula, Ci» H 5 N, 0 + M 0, 

ACTION OF SULrilURIC ACID ON INDIGO. 

When powdered pure indigo is added to 15 parts of oil of 
vitriol, and gently warmed, a deep blue solution is formed, which 
mixes perfectly with water. But if only 8 or 10 parts of acid 
are used, the addition of water causes the deposition of a imrple 
powder, while a bluo solution is obtained. The purple powder, 
which, although insoluble in dilute acid, is soluble in pure water, 
is sulphopurpuric acid; the blue solution contains two acids, 
sulphoindigotic and hyposulphoindigotio acids. When neutra- 
lised with potash, these acids form salts, which separate from 
the liquid when it is saturated with any alkaline salt, such as 
acetate or carbonate of potash. The two bluo salts may bo 
separated from each other by alcohol, but tho composition of tho 
hyposulphoindigotate of potash is not known. The sulpho- 
indigotate appears to be strictly a hyposulphuindigotate, and its 
formula is iu all probability, Ci« H*N Oa, 8a Oa 4* KO. Here 
the indigo has lost 1 cq. of hydrogen, and the 2 oqs. sulphuric 
acid 1 eq. oxygen. Dumas’s view, according to which the salt is 
a double sulphate, analogous to sulphovinato of potash, Ci<j II * 
NO, S 0 ;> + KO, S Oa , is not supported by the chemical rela- 
tions of these substances. Dumas conjectured that indigo blue 
was analogous to alcohol, and that its formula was C 10 Jl* N, 0 
+ HO, the body Oia IDN, 0 being analogous to oxide of ethyle. 
But, as already stated, this view is far-fetched, and does not 
agree with the chemical relations of indigo. It would make, 
for example, white indigo C 10 II* N, 0-f II -f II 0 or C x « N H* -f- 
2 H 0, both most improbable formulas. 

* The blue solution of indigo in oil of vitriol, if diluted and 
digested, with tlannel or woollen cloth, is entirely deprived of 
blue colour, while the cloth is so effectually dyed that tho colour 
cannot be washed out. It can, however, be dissolved from the 
cloth by carbonate of ammonia, and by this moans the sulpho- 
indigotates of ammonia, and from these tho other salts of the 
blue acids, are prepared. 

The sulphopurpuric acid, according to Dumas, contains the 
elements of 2 eqs. sulphuric acid and 2 eqs. indigo, and neutra- 
lises only 1 eq. of base. But the indigo in it has probably lost 
hydrogen (while the acid has lost oxygen), or hydrogen and 
oxygen. 
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PRODUCTS OF TIIE OXIDATION OF INDIGO. 

Isatine, Cio Ha N O*. This interesting compound, which is 
blue indigo, plus 2 eqs. oxygen, is formed by digesting indigo 
along with water, sulphuric acid, and bichromate of potash, .or 
by heating indigo with weak nitric acid. It dissolves, and the 
solution on evaporation deposits aurora-red crystals of isatine, 
sparingly soluble in cold water, more soluble in hot water, and 
in alcohol. By the action of chlorine, it yields two compounds in 
which hydrogen is partially replaced by chlorine. It may be 
volatilised if heated on a plate of metal. When acted on by a 
strong solution of potash, isatine is dissolved with an intense 
violet colour, which on addition of water and evaporation 
changes to yellow, and the liquid deposits pale yellow crystals, 
which contain potash, united to a new acid, isatinic acid, formed 
from isatino by the addition of l eq. water. When separated 
from its salts by stronger acids, isatinic acid is at once resolved 
into isatine and water ; but if isatinate of lead be decomposed 
by sulphuretted hydrogen, and the filtered solution evaporated 
spontaneously in vacuo, the acid is obtained as a white llocoulent 
powder, which, when dissolved in boiling water, instantly 
beoomes red, and the solution on cooling deposits crystals of 
isatine. Isatinic acid is Cio Ha N Os, II 0. Its salts have 
the formula, Cio Ho N O s , MO. The violet-coloured compound 
first formed when isatine acts on potash, is a com pound of isatine 
and potash, which, when heated with water, soon x>asses into 
isatinate of potash. 

With sulphurous acid, or rather sulphites, isatine forms salts 
of the formula, Cio II b N 0+, 2 8 Oa -f- MO; which may bo 
formed also by the action of sulphurous acid on isatinates. 

By the action of chlorine, isatine is converted into two 
compounds, clilorisatine and bichlorisatine. When chlo- 
rine is passed through isatino or indigo suspended in water, 
both these compounds are formed, and they are separated 
by crystallisation, clilorisatine being the least soluble of the 
two. 

Chlorisatine, Cm j ^ N 0 * , forms transparent orange-yellow 

4-sided prisms, isoinorpbous with isatine, and very analogous 
to it in all respects. When acted on by potash, there is lirst 
formed a deep red solution, which when heated soon becomes 
yellow, and on cooling deposits brilliant pale yellow crystals of 

chhrisatinate of potash, Cxo j q * N Oa, K 0 , a salt perfectly 
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analogous to isatinate of potash, and containing an acid, chlor- 
iaatinio acid, whioh is ehlorisatine, plus 1 eq. water, Cio Ha Cl 
N Oa. Like isatinio acid, when separated from its salts it is 
speedily resolved into chlorisatino and water. Ohio r isatinate 

of silver, Cie j jEJj 5 N Oa, Ag 0 forms yellow crystals, soluble 

in hot water. Chlorhatinate of baryta , Cm j N Os, P»a 0, 

-f- 3 aq. forms golden yellow tables. Chlor isatinate of lead, Cio 

| N 0» , Pb 0, when first precipitated from the salt of 

potash by nitrate of lead, forms a gelatinous yellow precipitate, 
which soon becomes flocoulent, acquiring a splendid scarlet 
colour. The red salt is crystalline, the yellow amorphous. 
Chlorisatinate of copper forms at first a brownish yellow bulky 
precipitate, whioh soon changes to a heavy granular blood- red 
powder. 

Like the isatinates, the chlorisatinatcs combine with sul- 
phurous acid, forming salts of the formula, Ois N Oi, 

2 S Oa -f M 0. In short, the analogy between isutinc and 
chlorisatine, isatinates and chlorisatinates, &c., is such as to 
furnish a very beautiful example of the substitution of chlorine 
for hydrogen, while the type or chemical character of the com- 
pound is unaffected. In hi chlorisatine, we shall see an addi- 
tional example of the same truth. 

Bichlorisatine , Cie | jjj* N 0* , is formed along with the pre- 
ceding compound. It is more soluble than chlorisatine, but. is 
otherwise remarkably similar to it. With aqua potassa? it first 
forms a deep red solution (hero, as in the case of isatine and 
chlorisatine, a compound of it with potash), which, when heated, 
changes to yellow, and on evaporation yields yellow scales of a 
salt composed of potash and bichlorisatinic aekl . The acid 
may be separated by stronger acids as a yollow powder, which 
vPhen dissolved and warmed is resolved into bichlorisatine 

and water. Its formula is Cia | N 0 5 , II 0, The salt of 

baryta , Cm j ^ N Ob , Ba 0, forms golden yollow needles. The 

salt of copper is at first bulky and brown, but soon becomes 
greenish-yellow and crystalline, and finally, a heavy granular 
powder of a fine carmino-red colour. 

Bichlorisatine with sulphites forms compounds analogous to 
those above mentioned of isatine and chlorisatine. In this case 
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also, therefore, the type is perfectly retained) although 2 eqs. of 
the hydrogen of isatine have been replaced by chlorine. 

Bromine acts on isatine, and forms two compounds, bromisatine 
and bibrom isatine, entirely analogous to chlorisatine and bichlori- 
satine, forming bromisatinic and bibromisatinic acids, and also 
compounds with sulphites analogous to those just mentioned. We 
have, therefore, from isatine and isatinio acid, by substitution, 
tliq following compounds : 


Isatine 

Isatinic Acid . 


Cm 

Ci* 

H. 

Ho 

NO* 

NOs + no 

Chlorisatino 


Cio - 

rn. 

lei 

NO* 

Chlorisatinic Acid . 


ClO * 

fH* 

lei 

NO® + HO 

Bichlor isatine 


Cl® H 

rn= 
i Ch 

NO* 

Biehlorisatinic Acid . 


Cm - 

f H ‘ 

1 ou 

N Os + II 0 

Bromisatine 


Ci® « 

[H* 

l Br 

NO* 

Bromisatinic Acid . 


Ci« ■ 

fH. 

IBr 

N Os + H 0 

Bibromisatine 


Ci® 

(H, 
\ Bn 

NO* 

Bibromisatinic Acid . 


Ci® 

/ H ‘ 
\ Bn 

N 0 5 + H 0 

Isatinosulphites • 


Cl® 

Hs 

NO*,2SOi+ MO 

Chlorisatinosulphites 


Cio ■ 

rii. 

\C1 

NO*, 2 S Oa + M 0 

Bi chlorisati n osul phitos 


Ci® * 

f Ks 

leu 

N 0* , 2 S Oa -f M 0 

Bromisatinosulphitcs 

• 

Ci® < 

fH. 

1 Br 

NO*, 2 S 0* -f MO 

Bibrotnisatinosulph ites 

• 

Ci® ' 

riu 

\ Bn 

N0*,2S0i + MO 


Hofmann has lately s*hown that isatine when heated with 
potash, yields aniline (see Aniline ), and that chlorisatino, brom- 
isatine, &c., when treated in the same way, yield compounds of 
the type of aniline, in which hydrogen is replaced by chlorine, 
bromine, or both. Some of these compounds retain the basic 
character, and are therefore very interesting, as the first examples 
of suoh chlorinised or brominised bases. A table of the com- 
pounds derived by substitution from aniline is given under that 
substance. Here we have only space to mention that chlorani- 
line, dichloraniline, bromaniline, and dibromaniline, are crystal- 
line volatile bases, forming crystallisable salts, and very analogous 

B B 
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to aniline: while in trichloraniline, tribromaniline, chlorodi- 
bromanilme, the basic character is lost. 

Italy de, Cio IIo N Oi = Cio Hu N 0*, II, is formed when an 
alcoholic solution of isatine is acted on by sulphuret of ammo- 
nium. It is a grey crystalline powder, and may be considered to 
represent isatine plus 1 eq. hydrogen. 

SulphdsatydCy Cio Ho N j g* is isatyde, in which 2 cqs. oxygen 

are replaced by sulphur. It is formed by tho action of sul- 
phuretted hydrogen on isatine dissolved in alcohol, and is a 
greyish -yellow amorphous powder. Sulph isatine is the name of 
a compound obtained in the same way by Erdmann, which he 
considers to be different from sulph^satyde. 

Chlorisatyde 9 Cio j^ 5 N0*, is a white powder somewhat 

crystalline, obtained by the action of sulphuret of ammonium 
on chlorisatine. It is perfectly analogous to isatyde. By tho 
action of sulphuretted hydrogen on chlorisatine, a compound is 

formed which is Cio j q 5 N S*; that is chlor isatyde, in which all 
the oxygen is replaced by sulphur. 

Bichlor isatyde } Cio j ^ N 0* and bibroynisaiyde , Cio j 

N 0+, are perfectly analogous, in formation and properties, to 
chlorisatyde. 

Sulpha satyde, Cio Ho N j is formed by the action of potash 

on sulphdsatyde, from which it differs in having only 1 eq. 
oxygen replaced by sulphur. It is a white crystalline powder. 

Indine 9 Cio IIo N O 2 is a crystallised substance, of a beautiful 
rose colour, formed by tho action of potash on sulphesatydc, 
along with the preceding : or by the action of potash on sul- 
pliasatyde or isatyde. In the last case, isatinate of potash 
is also formed, thus, 3 (Cio IIo N 0*) 4> 2 K O = 2 (K 0, 
Cio Ho N Oo) + Cio Ho N Oa. It is sulpli6satydo minus 2 eqs. 
sulphur, and is also isomerio with white indigo. It is decom- 
posed by nitric acid, and by bromine, which give rise to new 
products. 

When indine, moistened with alcohol, is covered with a 
lukewarm solution of potash, it forms a black solution which in a 
few moments becomes a semisolid mass of black needles, which 
are a compound of potash with indine, or rather with indinic acid, 
an acid formed from indine, like isatinic acid from isatine, by the 
assimilation of 1 eq. water, and which is very easily again resolved 
into indine and water. 
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H r y dr indine is a yellow crystalline compound formed by beating 
indine, sulphasatyde, or isatyde with potash. Its composition is 
Oa» H13 Na Ofi , that is, 2 eqs. indine plus 1 eq. water : and when 
strongly heated, it is resolved into indine and water. It is not 
composed of these substances, however, for it forms with potash 
a white salt, hydrindinate of potash. The acid in this salt appears 
to be formed, like some of those already described, by the 
addition of water to hydrindine ; its formula is probably Ci« His 
N9O7 , 2 II O. 

Nitrindine , Cia II* Na O7 , is a beautiful violet-coloured 
powder formed by the action of nitric acid on indine and hy- 
drindine. It is indine, in which 2 eqs, hydrogen aro replaced, 

( H * ) 

one by oxygen, the other by nitrous acid ; C10 j N 0* j NT O2 

Chlorindine , C10 | Jq | N Oa + 2 II 0, is a powder of a dirty 

violet colour, formed by the action of heat on chlorisatyde. 
Analogous compounds aro obtained from bichlorisatydc and 
bibrom isatyde . Bichlorindine is like chlorindine. Bibromin- 
diue is a very dark red, and dissolves in alcohol with aline purple 
colour. 

The action of potash on isatyde appears to be the type of its 
action on chiorisatyde, bronrisatyde, bichlorisatydc, and bibro- 
misatyde. When isatyde is acted on by potash, it yields isatine 
(or isatinatc of potash) ; indine (or indinate of potash), and 
hydrindine (or hydrindinate of potash). 6 eqs. isatyde, 6 (C10 
H« NO*) are equal to 4 eqs. isatine, 4 (Cia II a NO*) 4- 2 eqs. 
indine, 2 (Ci« Ho NOa) 4* 4 eqs. water: or they aro equal to 
4 eqs. isatine, 4 (Cia Ha NO*) -f 1 cq. hydrindine, (CSa His N 2 
0 6 ) + 3 eqs. water.. Both changes probably occur, and the 
three compounds, isatine, indine, and hydrindine, alike take 
up the elements of water to form the acids, which, to avoid 
confusion, arc not here expressed. Now there is good reason 
to believe that precisely analogous changes occur when potash 
acts on bichlorisatydc and on bibromisatyde, each yielding 
three corresponding compounds and the tliree acids derived from 
these. The reader, by strictly following the analogy of the 
formulae given above for the action of potash on isatyde, 
will easily be able to construct the equations for the other 
analogous cases. 

When sulphasatyde is acted on by bisulphite of ammonia, there 
is formed among other products not fully investigated, a salt 
formed of ammonia united to a new acid, sulphisatanous acid , 
quite different from the acid in the salts formed when isatine is 

B b 2 
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acted on by sulphites. This now acid is Cm Ho N 0» , 2 S Oa + 

H 0, or perhaps rather Cie TTo N j % g q g j + H 0 : that is sul- 

ph6satyde, in which the 2 eqs. of sulphur have been replaced by 
2 eqs. sulphurous acid. 

The action of bisulphite of ammonia on sulph6satyde some- 
times gives rise to the formation of different products : among 
others, to an insoluble white powder, tsatan , Cie IleN Os, t/hich, 
when heated, yields isatino aud indine ; 3 (Cio He N Os) = 
Cie Ha N O4 + 2 (Cia Ho N Oa) + II 0. Both indine and 
nitrindine, when acted on by bisulphite of ammonia, appear to 
produce compounds analogous to those derived from sulphcsatyde. 

Chlorindopten is the name given by Erdmann to a volatile 
crystalline substance, formed along with chlorisatine and bichlo- 
risatine, when ohlorine acts on indigo. When the chlorinised 
mass is distilled with water, this substance parses over in white 
crystals, which are acid, and evidently a mixture of two sub- 
stances. When this chlorindopten is heated with potash, a 
neutial substance passes over, in white crystals similar to the 
original ones; this is triehtoraniline ; while the potash retains an 
aoid of a disagreeable odour, chlorophenisic acid. 

Chloropheni8ic acid, Cia Ha Ch 0, II 0, is separated from 
its potash salt by acids, as a white docculent matter of a very 
disagreeable odour. Laurent has idontitied it with the acid 
derived from coal-tar by tho action of chlorine, and makes its 

formula, Cia j j 0, H 0, that is, tricldorocarbolio acid. The 

volatile white crystals arc tr ichlor aniline t Cia j j N (Hofmann). 

By the further action of chlorine on chlorisatine or bichlori- 
satine, dissolved in alcohol, new compounds aro formed, among 
which are chlorinised chlorindopten , which, like chlorindopten, is 
a mixture apparently of trich lor aniline, with an aoid, Cia Cl# 0, 
HO; which is the chloropheniisic acid of Laurent. This acid is 
accompanied by chlor anile, Cia CL (L, a neutral body in volatile 
golden-yellow scales, soluble in hot alcohol, which is also derived 
from the oil q{ coal-tar, or rather from tho hydrate of phenyle or 
carbblio acid of that oil, from which chlorophcnisic and chloro- 
phenusio acids are obtained. 

Chloranile dissolves in weak potash with a deep purple colour, 
and the solution deposits daik purplish-red crystals, oomposed 
of potash and a new acid, chloranilic acid . This aoid forms 
scarlet or yellow crystals, according as it contains water of 
crystallisation or not. Its formula is Cu Cl# Oo, 2 H 0. or 

c* ci O3 , n 0, 
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When cliloranile is acted on by aqua ammonite, it is dissolved, 
forming a blood-red solution, which deposits chesnut-brown 
crystals of chloranilammon , Ca Ha N Cl O3 -|- 4 aq. = Co Cl Oa -f 
N Ila -f 4 aq. It dissolves in water with a purple colour, and 
when a saturated solution is mixed with hydrochloric acid, it 
deposits very brilliant black needles of great length. These are 
a new compound, chloranilnm , Cis Olts'fL N = C12 Cl a 0<» -f* 
N II3 ; that is, 2 eqs. of chloranilammon, 2 (Co Cl O3 , N IIs ) = 
Cia Cla Oo, N a Ho; minus 1 eq. ammonia, N Ha. Both these 
compounds give precipitates with metallic solutions, which are 
the same from both, but distinct from those formed by chloranilie 
acid or its salts. Chloranilammon, according to Laurent, is the 
ammonia salt of an acid amido. Chluranilam is the acid amide 
itself. 

By tho action of ammonia on isatine there arc produced several 
new compounds, varying with tho strength of the ammonia, and 
the menstruum employed. In these compounds oxygen is replaced 
by amide , N II 2, or imide , which is here J N II ss Im. 

Jmesatine is formed when dry ammonia is passed through an. 
alcoholic solution of isatine. It forms line deep yellow crystals, 

the formula of which is Cic Ho N a O2 = C10 IIs j 

Imasatine is formed when aqua ammonia? acts on a solution of 
isatine in alcohol. It is a greyish-yellow crystalline substance, 

the formula of which is C10 HsN j 

Imasatinic acid is formed along with the preceding, and is dis- 
solved along with ammonia. By tho addition of an acid it is 
precipitated as a beautiful scarlet crystalline powder, soluble in 
hot alcohol, which deposits it in splendid tabular crystals similar 
to the sublimed periodido of mercury. It dissolves sparingly in 
acids with a violet colour, and these solutions deposit violet 

crystals. Its formula is Ci© JI 3 N | ^ j* -f II 0. 

Amu saline is formed along with the two preceding bodies. It 
has a fine yellow colour, and dissolves in acids with a violet colour, 
apparently passing into imasatinic acid. Its formula is Ci© IIs N 


{ Ad } + 11 0 ( Ad = N H * = amidt! )- 
The analogy between chlor isatine, &c., and isatine, holds in 
regard to tho action of ammonia on them. By the action t>f dry 
ammonia on an alcoholic solution of chlorisatine thero is formed 
a yellow crystailino compound, analogous to iuiesatine. It is 


called Imechhrisatinase , and its formula is C10 { Cl" } N 


{ 


0 . 

Im* 
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Imachlorisatinase is analogous to imasatine. Its formula is Ci® . 
{.Cl* } ^ | Im ^ * orms brownish -yellow crystals. 

Imabromisatmese , formed by the action of dry ammonia on 
bibromisatine in alcohol, is Ci® j ^ | N It is a deep 


orange erystallino powdei? 

AVe have now brielly run over tho catalogue of the very 
remarkable compounds derived from indigo by tho action of 
sulphuric acid and bichromate of potash, which produces isatine, 
and by the action of chlorine either on indigo or on isatine, of 
bromine on the same, and of potash, ammonia, sulphuretted 
hydrogen and sulphuret of ammonium on the products of these 
actions. The nomenclature of these compounds is in a very 
imperfect state, and requires reformation, but this cannot be 
effected until tlio substances thomsclves have been more 
thoroughly studied. It is most important to observe, that by 
or through chloranile and the chlorophenisic acids, the series to 
which indigo belongs connects itself with that of carbolic acid or 
hydrate of phenylo (to bo afterwards described), and this again 
with the series of salicyle. AVe have now to mention one or 
two products of the action of nitric acid on indigo, which are 
common to all these series, and, like chloranile, seem likely to 
be very frequently met with as products of tho decomposition of 
organic compounds. 

Anilic Acid. Syn. Indiyotic Acid , N it ro salicylic Acid , Cit Ha 
N 0», II 0. — This acid is formed by the long-continued action of 
weak nitric acid on iudigo. it is also formed in the preparation 
of isatino, if the action bo pushed too far. It is identical with 
nitrosalicylio acid, obtained by the action of nitric acid on sali- 
cylic acid or on salicine. It forms hue yellowish-white prisms, 
which are light and bulky, and shrink much in drying. It is 
fusible and volatile. By the action of strong nitric acid it is con- 
verted into oxalic and picric acids. It requires 1000 parts of cold 
water for solution. Its salts crystallise well, and their general 
formula is Cu LU N On, M 0. The anilate of oxide of methyle 
is obtained as a crystalline compound by the moderated action of 
nitric acid on the salicylate of oxide of methyle (oil of Gaultheria). 
The anilate of oxide of othyle is exactly similar. 

Picric Acid , fc>Y2*. Carbazotic Acid, Nitropicric Acid , Nitro - 

phenmc Acid, Cia j q J*0, H 0. This acid is formed by 

the action of nitrio acid on anilic acid, indigo, salicine, salicylio 
acid, hydrate of phonyle or carbolic acid, coumarine, silk, aloes, 
and other substances. It is most easily formed from carbolic 
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odd, salicine, or oil of Gaultheria, by the action of an excess of 
Turning nitric acid assisted by heat. It is purified by solution in 
hot water and recrystallisation. It forms pale yellow, or even 
white scales of a silvery lustre. They dissolve in hot water with 
a Btrong yellow colour, and a very bitter taste. The acid is 
fusible and volatile. Its salts crystallise most readily, and all 
explode when heated. When these sal# are put in contact with 
lime and green vitriol, blood-red solutions are formed, containing 
the lime salt of a new acid. The picrate of potash is so sparingly 
soluble, especially in alcohol, that an alcoholic solution of picric 
acid may be used as a test for potash. 

Picric acid is interesting as occurring among the products of 
the decomposition by nitric acid of so many different substances. 
It is easily derived from the series of phenyle, that is, from 
carbolic acid, Cia II* 0, II 0. Derived from this, we liavo 

Chlorophenesic acid, Cia | j- 0, II 0, Chlorophenisic acid, 
Cia | ^ J- HO, Chlorophenusic acid, Cia Cl* 0, II 0, and Picric 

acid, Cia j-0, II 0. It is, therefore, carbolic acid, in 

which 3 eqs. of hydrogen arc replaced by 3 eqs. of nitrous acid. 

When indigo is heated with concentrated potash, there are 
formed two new acids : chrysanilic acid , the composition of 
which is uncertain, and anthranilic acid , Cm ID N O* = Ci* 
He N 0* , II 0. The latter is purified in the form of authranilate 
of potash, and the acid separated by an excess of acetic acid. 
It forms transparent yellow scales, which, however, when quite 
pure, are colourless. It is derived from blue indigo, C 10 II5 
N 0« , by the loss of 2 eqs. carbon and the addition of 2 eqs. water. 

When anthranilic acid is mixed with powdered glass, and 
rapidly heated, it is resolved into carbonic acid, and an oily 
liquid, which is aniline , a very powerful base, devoid of oxygen, 
C 12 ID N. This metamorphosis is very simple: Cu ID N CL = 
2 C O a -f Cia ID N. Since aniline is obtained in many other 
cases of decomposition of organic matters by heat, it becomes 
a subject of great interest. 

Aniline is recognised by its property of striking a deep violet 
blue colour with chloride of lime. It obtained the name hyanol 
from this property. Its other name, crystalline , indicates its 
great tendency to form crystalli sable salts with acids. 

The recent researches of A. W. Hofmann have greatly extended 
our knowledge of this remarkable compound. He has shown 
that it is best obtained by heating isatine with potash, thus 
Ci6 N HcO* 4*4 (Iv 0, H 0) = Cia ID N + 4 (K 0, C O a ) + H*. 
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But lie has also proved that its formation is not confined to the 
products of the decomposition of indigo, it being formed when 
other substances, isomerio with anthranilio acid, are exposed to 
heat along with bases, such as lime or baryta. Such substances 
are aalicyhmide and nitrotoluole, both of which have the empirical 
formula, Ci* If 7 N O* . The former yields little, but the latter is 
entirely resolved into aqjiine and carbonic acid, lie has also 
fully identified anilino with the crystalline of Unverdorben, abase 
occurring with others among the products of distillation of 
animal matter, and in coal-tar. It is worthy of remark that a 
close connection may be traced between anilino and carbolio acid 
(hydrate of phenyle). The latter is C** Ha 0, II 0. The car- 
bolato of ammonia, Cia II© 0, N II* 0, minus 2 eqs. water w’ould 
yield an amide, phenylamide , which would be Cba II© N Ha = 
Cia H 7 N ; and this is anilino. Now in Hofmann’s experiment 
above mentioned, in which salicylamide was heated with lime, it 
did not yield much aniline, but, on the other hand, it furnished a 
large quantity of carbolic acid. But perhaps the simplest view 
is that which regards anilino as an amide base, that is, ammonia, 
in which 1 oq. of hydrogen is replaced by phenyle, (balls. 
Ammonia is N II 2 4- H, and aniline or phenylamitio is N Ha 4 
Cia Ha. It is therefore analogous to othylamine, &c., but 
belongs to another series, and like ethylamine, it has several 
homologuos. 

It is further to he noticed that carbolic acid (hydrate of 
phenyle) and aniline (phenylamine) occur together in coal-tar; 
and that all the substances which either yield one or other of 


these are also converted into picric acid, €12 


in 
n 0 * 


\ 0, a 0, 


by the action «f nitric acid. Thus carbolic acid, indigo, salicine, 
and salicylic acid, arc all transformed into picric acid by excess 
of nitric acid. The compounds of phenyle, and many of its 
derivatives, will be described among the products of destructive 
distillation. 

Hofmann has shown that isatine, when distilled with potash, 
yields aniline ; and that chlorisatine, so analogous in all respects 
to isatine, undergoes a similar decomposition, yielding a new base, 
chloraniline ; also that other compounds may ho formed con- 
taining more chlorine, but still belonging to the same series ; that 
bromisatine also yields a base, bromaniline ; finally, that by the 
action of ammonia and sulphuretted hydrogen on Unit rohenzide 
or dinitrobenzole, there is formed a base, nitraniline , in which 
1 eq. of hydrogen is replaced by 1 eq. of nitrous acid, and that in 
this base 2 oqs. of hydrogen may further be replaced by bromine, 
yielding a neutral body. The following are the formula? of these 
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new compounds, which, it will he observed, all correspond with 
aniline, and are simply derived from it by substitution. 


Aniline . . Oia' 

Chlo rani lino . . Cia 

Dichloraniline . C12 
Trichloraniline . Cia 
Bromanilino . . C12 
Dibromaniliue . Cis 
Tribromaniline . C12 

Chlorodibromaniliue C12 
Nitraniline . . O12 

Nitrodibromaniline C12 


Ht 

/Hi* 

101 

/ Hs 

\Cb 

rm 
l ci» 

/Ho 
\ Br 
J Ha 
1 Br* 

nu 

\ Iin 

fit. 

t? 


N 


}n 
}n 
}n 

} N 
} N 
} N 

}" 

{So. }» 

} K 


fH 

\ Br* 

[NO* 


basic. Amaphenase. 
basic. Amachlophenese. 

basic. Amacblophcnise. 
neutral. Amacbloplienose. 
basic. Amabrophcnese. 
basic. Amabroplienise. 
neutral. Amabrophenose. 

neutral . Amach 1 0 bropheu ose. 
basic. Amauitropbenese. 
neutral. Amanitrobropbeuose. 


Our spaco will not permit us to enter into any details con- 
cerning tho preparation and properties of these interesting 
compounds ; but it may bo remarked that chlorauiline by the 
action of hydrochloric acid and chlorate of potash yields 
chloranile ; and that the same substance, when passed over 
lime (hydrated r) at a low red heat, yields aniline, thus affording 
additional proof that all these compounds belong to one series, 
and are different subtypes of one general type. Nor must it be 
forgotten, that in the case of aniline, chloraniline, and bromaniline, 
wc have chlorine and bromine substituted for hydrogen in a 
basic compound, without affecting its basic characters. This 
was tho first known example, already followed by a multitude of 
others, of a base formed by substitution from another base, 
although similar facts, in regard to acids and neutral bodies, had 
long been known. 

It is very well worthy of remark that a certain amount of 
chlorine or bromine, usually so antagonistic to hydrogen, does 
not, when substituted for that element, destroy the basic 
character ; but that the chlorine and bromine appear to assume 
the function of hydrogen. A large proportion, however, of these 
elements does efface the basic character. 

But tho existence of nitraniline is even more remarkable# In 
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this body 1 eq. of hydrogen in aniline has been replaoed by 1 eq. 
of a powerful aoid, nitrous acid, and yet the compound is deoidedly 
basic, and retains the type of aniline. 

Nit ramline forms fine golden yellow prisms, and with acids 
yields crystallisabte salts. When acted on by bromine, it yields 
nit rodibr oman iline > a neutral compound in which 2 more eqs. of 
hydrogen are removed and replaced by bromine. 

We have hero considered aniline cliieily in reference to its 
derivation from indigo and isatine ; and the other derived 
bases of the same typo, as also connected with indigo through 
chlorisatine, &c. Under the head of organic bases, a few 
pages further on, we shall describe more particularly the pro- 
perties of aniline, and some others of its derivatives, and others 
of them will fall to be noticed under the products of destructive 
distillation. 

Carmine, This name has been given to the colouring matter of 
cochineal, which is nitrogeuised, and may be obtained in dark red 
crystalline grains, very soluble in water and alcohol. It forms 
with alumina a beautiful red lake, well known as carmine. 

The colouring matter of coohineal has been studied with great 
oarc by Warren do la Rue. It is extracted by boiling water pro- 
cipitated by acidulated acotate of lead, the precipitate well washed, 
decomposed by sulphuretted hydrogen, and the red solution thus 
obtained again treated with lead and sulphuretted hydrogen. It 
is now dried up at a heat not exceeding 91° F., and J of the dry 
mass dissolved in boiling absolute alcohol. The remaining J is 
dissolved in water, precipitated by acetate of lead, and the pre- 
cipitate added to the alcoholic solution. By this means, the last 
traces of phosphoric acid are separated as phosphate of lead. Ether 
is now added to the alcoholic solution, which throws down some 
azotised matter, with a little of the colouring substance. This 
precipitate is re-dissolved in alcohol, and preoipitated a second time 
by ether, when the colouring matter first carried down remains 
dissolved. This solution is added to the other, the whole distilled, 
and the residue dried in vacuo. This is the pure colouring matter, 
or carminic acid. It is a friable mass of a dark purple brown, 
giving a fine red powder, soluble in water and alcohol, but hardly 
in pure other. It dissolves also in acids. Its formula is C 2 » IIu Oia. 
Its solution is precipitated by alkalies, and also by alum if a little 
ammonia be added, yielding fine lakes. 

Nitric acid of Sp. Or. 1 *4, converts it into oxalic acid and nitro - 

H ) 

coccmic acul , which is Ci« 3 NO* Oo 2 aq., apparently de- 
rived from an acid Cia IIs Oo by replacement of 3 cq. of hydrogen 
by 3 eq. of N 0 * , It forms yellow tables, soluble in water, and 
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colouring the skin yellow. Its salts are also yellow, and detonate 
when heated. The silver salt is soluble in water. 

It will be remembered that under anisic acid, Ci« Ha Oo , we 
mentioned two acids, nitranisic and dinitr anisic acid, in which 
1 and 2 ecp of hydrogen were respectively replaced by 1 and 2 eq. 
of N O* . The acid just described has the formula of trinitranisic 
aoid, and there is nothing in its properties inconsistent with the 
idea that it may be that substance, which apparently is not formed 
by the action of nitric acid on oil of anise, or oil of cstragon. 

Tlio finest crimson and scarlet dyes are made from cochineal, 
according as the mordant is alumina or tin. 

Kertnos is a dye-stuff similar in its origin and properties to 
cochineal, but inferior in beauty of tint. It is derived from 
Coccus it iris. 

The red colouring matter of stick-lac, which is also used as a 
dyo, has similar properties. Lac is produced on certain plants by 
the puncture of au insect. 


ACTION OF NITRIC ACID ON ALOES. 

This action so much resembles, iu some points, tho action of 
nitric acid on indigo, that it may be properly mentioned here. 
Aloes is the well-known inspissated juice of certain species of 
aloe , and is very bitter and purgative. The nature of its active 
principle is still unknown : but when heated with nitric acid it 
yields a yellow bitter substance, which is converted, by the 
further action of the acid, into two crystallisable acids, clirys- 
ammio and ehrysolepie acid. Tho artificial bitter of aloes appears 
to be formed of two acids, aloetic and aloeretinic acids, which 
form red salts, but the composition of which is not exactly 
ascertained. 

Chrysammic Arid , C\ 3 It N» On, n O, is obtained as a yellow 
precipitate, when water is added to the solution obtained by 
heating aloes with ox cess of nitric acid. It is purified by being 
combined with potash, and this salt, after recrystallisation, is 
dissolved in hot water and decomposed by diluted nitric acid. 
Tho chrysammic acid is deposited as a pow^der formed of golden- 
yellow shining scales. Its solution is of a line purple. All 
its salts are crystallisablc and of a deep red colour, frequently 
with green reflection, like murexide. The chrysammate of 
ammonia forms dark green crystals, which, when dissolved 
and acted ou by nitrio acid, deposit brilliant black scales, 
which are not chrysammic acid, but are transformed into it 
when boiled with acids or bases. Tho solution of chrysammato 
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of ammonia gives with metallic salts peculiar precipitates 
distinct from those formed with the same salts by chrysammato of 
potash. 

Chrysohpic Acid , Cia Ha Ns O13, H 0 , has the formula and 
many of the properties of picric acid ; but it is said by 8chunck, 
who discovered it, to be different. It is darker in colour, and 
its salt with potash is much more soluble than picrate of potash. 
It would, however, appear that the two acids aro essentially the 
same ; for tho salts arc in general very similar, and all explode 
when heated. Now that picric acid is*recognised as so frequent 
a product of the action of nitric acid, W'o have no difficulty in 
understanding its occurrence here. 


ALKALOIDS OK OKGANIC DISKS. 

These names are given to a class of nitrogen iscd organic com- 
pounds which, in their relations, are quite analogous to ammonia, 
or to oxide of ammonium. They are to he distinguished from 
such basic oxides as oxide of ethyle, oxide of methyle, &c., 
which contain no nitrogen, and, although they form neutral com- 
pounds with acids, yet exist in a peculiar state in these com- 
pounds, which cannot be decomposed, like ordinary salts, by 
double decomposition. Thus, oxalato of oxide of ethyle does 
not precipitate with nitrate of lime, and chloride of ethyle does 
not decompose nitrate of silver. But the case is quite different 
with the alkaloids ; for their salts undergo the same decompo- 
sitions as those of ammonia. 

Most of tho alkaloids are found in vegetable juices, seeds, or 
roots ; these arc called vegetable alkalies, and they are generally 
the active principle s of the plants, for the most part poisonous, in 
which they aro found. But of late, organic bases quite analo- 
gous to those produced by nature, have been formed in a variety 
of processes ; as, for example, tho singular bases containing 
platinum, described at pp. Go to GO ; the bases containing 
arsenic, or arsenic and platinum, mentioned at p. 193 ; 
the bases of coal-tar, of which aniline, formed in several different 
processes, is one ; the bases, chloranilino, &c., derived from 
aniline ; the bases derived from oil of mustard, (see p. 343) ; 
those derived from the decomposition of natural alkaloids, as 
ehinoline and cotarnine ; those formed by the action of potash on 
melam, as melamine and amraeline ; those produced by tho aotion 
of ammonia on oil of bitter almonds and analogous bodies, such 
as amarine, lophinc, picrine, and furfurine ; tho**e formed by 
the action of sulphuret of ammonium on certain nitrogenised 
bodies, as aniline from nitrobenzole, naphthalidinc from nitro- 
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naphthalesc, thialdine from aldehydammonia, &c. ; those de- 
rived from krcatine by tho action of acids and bases, namely, 
kreatinine and sar cosine ; and such as arc formed by the action 
of acids and bases on other animal compounds, of which glycocino 
is an example, being formed from gelatine by the action of 
potash, and from hippurio acid by the action of hydrochloric 
acid. Tho number of artificial bases has of late been very 
greatly augmented by the discoveries of Wurtz and of Hof- 
mann, who have shown that an almost unlimited number of such 
bases, homologous with ammonia, may be obtained. Some of 
these have been already mentioned under the benzoic and ethylic 
series of compounds, and many more remain to be noticed. Most 
of these artificially formed bases are of very recent discovery, and 
it is evident that they must throw muoh light on the theory of the 
production of the natural alkaloids, and that the careful study of 
this part of the subject will, in all probability, eventually lead to 
the artificial formation of the natural organic bases. 

Tho alkaloids possess, for the most part, very decided basio 
properties; when dissolved they act on vegetable colours like 
tho inorganic alkalies ; and they neutralise the strongest acids 
completely, generally forming crystallisable salts. Most of 
them, at the ordinary temperature, are expelled from their salts 
by ammonia, but many of them, at the heat of boiling water, 
expel ammonia from its salts, owing to the volatility of the latter 
alkali. 

Their basic properties are not derived from the oxygen they 
eontain, for no variation in the amount of that element affects 
their neutralising power. On the other hand, there is every 
reason to believe that their basic character depends on the 
nitrogen they contain ; for they all, without exception, contain 
nitrogen, though several are devoid of oxygen. Moreover, 
most, if not all, of those which have been formed artificially, are 
prepared with the* aid of ammonia, or some compound of am- 
monia, or amidogeu. Before proceeding to describe them, we 
shall premise some general observations on the formation and 
constitution of artificial organio bases. 

ON THE FORMATION AND CONSTITUTION OP ARTIFICIAL 
ORGANIC BASES. 

Within the last few years, this is the department of organic 
chemistry which has made tho greatest progress, and has yielded 
the most surprising results. Several theories had been started 
as to the constitution of tho natural alkaloid*, and Berzelius 
warmly advocated one of these, namely, that the alkaloids were 
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coupled compounds, in which ammonia was coupled with other 
compounds. Taking aniline, Cia II 7 N, as an example (for 
aniline, although an artificial base, is closely analogous to nico- 
tine and coneinc, which are natural bases), Berzelius conceived 
aniline to be ammonia coupled with C 12 H+ ; thus (C 12 II* ) 

N Hj = C 12 II7 N. He supposed its neutralising power to 
depend on its ammonia just as, in a coupled acid, the attached 
copula has no influence on the neutralising power. As all bases 
contained nitrogen and hydrogen, this view was possible, although 
none of them gave any signs of containing ammouia ready formed. 
On this and on other accounts, Liebig objected to this view, and 
proposed another, namely, that the organic bases were bodies in 
which amide, N Use , was combined with some compound, replacing 
the third equivalent of hydrogen in ammonia. To this he was led 
by considering ammonia as tho hyduret of ainidogeu or amide ; 
as N Ha -f H = Ad II = N IIs . Hence he viewed aniline as 
amide pins phenyle, C 12 Hs. N Ha -f C 12 H» = Ad Ph = Cia 
H 7 N. And in a memoir published in 1839, he ventured to 
predict, that means would be found of substituting other com- 
pound radicals for tho third atom of hydrogen iu ammonia. 
Nay, he went so far as to say, that if ever the radicals, etliyle 
and methyle, should bo thus substituted for hydrogen, the 
resulting compounds would be, without the least doubt, bodies 
perfectly analogous in properties to ammonia ; that is, powerful 
volatile bases, but less volatile than ammonia. A more remark- 
able prediction was never ventured in chemistry, and it has been 
absolutely fulfilled ; for, in 1849, Wurtz obtained the predicted 
compounds, methylaminc, C 2 n» N = Ad Me, and ethylamino, C* 
H 7 N = Ad Ae, and found them to bo precisely what Liebig 
had anticipated ten years before ; indeed, so like ammonia, that 
it is now certain that these bases had frequently occurred, and 
been taken for ammonia, from the resemblance of their smell to 
that of ammonia. This remarkable discovery of Wurtz has led 
to the further discovery, both by himself, by Hofmann, and 
others, of a vast number of similar bases. Besides this, in the 
interval between the prediction and its fulfilment, many others 
had been discovered, chiefly by Hofmann, all of which teuded to 
establish Liebig’s views. Such wore the substitution bases from 
aniline (see p. 376), the bases homologous with aniline, toluidinc, 
cumidine, &c. f and others, so that tho theory of Liebig became 
at lost firmly established. But the march of discovery did not 
stop here, for Hofmann soon ascertained that it applied only to 
one class, a very large class of artificial bases, find that bases 
could be formed, in which no amide was or could be present. In 
short, it appeared that not only the third eq. of hydrogen in am* 
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monia, but with it one or both of the others, might be replaced 
by very many radicals, without destroying the basic character. 
Hofmann thus established the existence of three distinct scries of 
bases, all derived from ammonia by substitution, and all analo- 
gous to it in properties, being volatile bases. If we make X, Y, 
and Z any three compound radicals, whether of the same or of 
different series, then we have 

1 . Amide bases . N H2 + R (R being either hydrogen or a compound 

radical.) 

Ammonia . . N H> +11 

New bases . . N IT * + X, or N IL + Y, or N Ha + Z 

2 . Imide basis . Nil + Ra (NH = Iinulc) 

Ammonia . . N H + Ha 

New bases . . N II f XY, or N II + Y Z, or N II + X Z 

3 . Nitryle buses . N + R» 

Ammonia . . N + Ha 

New bases . . N + X Y Z, or N + X X Z, or N + Y Y Z ; or N 

+ X Z Z, or N + Y Z Z; or N + YXX; 

or N + Y Y X. 

Here is at once a wide extension of the original view of Liebig 
as to the constitution of organic bases ; and, whatever be their 
real constitution, bases are now known, belonging to each of the 
above series : that is, bases, the formula of which may be thus 
interpreted, and which are really obtained from compounds 
believed to contain the radicals supposed to bo present in the 
bases. 

Of the amido bases, many are known. The following are a 
few : — 

Ammonia N Ha + H = II3 N = Ad H 

Methylamir.o • . . . N Ha + Ca Ha = Cj Hs N m Ad Me 

Ethylmninc . , . . N Ha 4 - C* Hs z zz C* H7 N = Ad Ae 

Propylamine . . . . N Ha + Co II 7 = Co H» N ~ Ad Pr 

Butyl ami ne N Ha + C« Ho 0 » Hu N ~ Ad Bu 

Amylamiuo . . . . N Ha + C10 Hu = Cio H13 N = Ad Ayl 

Caprotylamine . . . , N Ha + Cia Hia m C12 His NzrAdCp 

Phenylamine. Auiline , N Ila + Cva Hs = C12 II7 N = Ad Ph 

Toluyl amine. Toluidinc . N Ha + Ci* IL zzz C12 Ho N = Ad To 

Xylainine. Xylidino . . NHa+ Cio llv» = Cio Hu N — Ad X 

Cumidino ..... Nila + Cis Hu zzzGm 1 L» N = AdCu 

Cymidine Nila + C20 Ilia zz:Cao Hia N zz: Ad Cym 

All these are known, and many more will soon be formed, 
especially in thfc ethyle series. Indeed, Fridau has obtained the 
compound, cetylamine, Osa Has N = N Ha -f Ca* H33 = Ad Ctl, 
although it has no basio characters, or very feeble ones. 
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flowing aye the names of a few imide bases 

Ammonia • . + H« = Ha N = Td, Ha 

Dimethylamine . N H + 2 (Ca IL ) = C* Hr N = Id, Mea 

Dietbylamme . . NH + 2 (C* Hs) = Ca Hn N = Id, Aea 

Diaroyl&miue . . NH + 2 (Cio Hu ) rrCao H21 N = Id, Ayl* 

Diphenylamine . NH + 2 (Ci* H#) mCa* Hn N m Id, Ph* 

Methyiophenylafnine Nil + CaHa + Cu ns —Cu H» N = Id, Me Ph 
Kthylopbenylamiiie. NH + C*Hb + Cm Hs rrCio Hn N =rld, AePh 
Amylopheuylamine . NH + Cio Hu + Ci* Hs = Ca* Hu N = Id, AylPh 

All the above have been discovered and described by Hofmann. 
They are all volatile bases, analogous to ammonia. 

Of nitryle bases the following will serve as an example : — 

Ammonia . . N+Hi = Hi N=t:N, IIi 

Trlmeth>lamine . . N + 3 (Oi Hi ) Co H» N^N.Moa 

Triothylamlne . . N+ 3 (C* Hi ) =Cn His N--N, Aei 

Triamylamine . . N+S(CioHn) =CvoH «N~N, Ayls 

Triplionylammo . . N+ 3 (UiaHs ) lfn N-rN, Ph* 

Amylodiethylaminc , N+Cjollu +2 (Ci ns ) -rC 2 olT»i N— N, Aoa Ayl 

MethylothyUunyluniino N-fO* H,, 4 -C* Ils +C10H11 ~Cn» Ilia N=N, MoAoAyl 
Diethylopbenyl.miino . N-f 2 (Ci Hs )+Ci* Hs =.CaoHis N=:N, A09 Pli 

M liimne b f l0phCUy I ' N + c * 113 + C ‘ 113 + Cl * n * =Ci,Hi 3 N=N,MflAoPh 
Diamylophenylainine . N 4 2 (Cio Hn )+ C12 Hs =Ci* H27 N=N, Ayls Ph 

Ethylamyloplicnylamine N+C* Hs -fCioIIu +C12 Hi =.CsoHji N=N,AeAylPh 

All of these, except triphenylamine, have been already obtained 
by Hofmann. It will be seen that the whole three series may 
be included under one head, namely, that of bases, corresponding 
to ammonia , in which one, two, or all three of the eqs. of 
hydrogen in ammonia have been replaced by one, two, or three 
different radicals ; and that the amide, imide, and nitryle 
bases are the subdivisions of this group. Now, there are two 
strong reasons for believing such to be the constitution of these 
bodies; 1 st, that they are all analogous in properties to ammo- 
nia, and 2 ndly, that they are obtained by the action of ammonia 
on compounds of the radicals, methyle, ethyle, amyle, and 
phenyle; so that their formation and properties could be, and 
were predicted. It is obvious, therefore, that Liebig’s view is 
only true of one of the subdivisions, the amide bases, and must 
be extended so as to include the two others. 

But Hofmann has gone further still. He has discovered that, 
to the nitryle bases, such as triethylamine, N + 3 (C* Ha) = 
Cn Hia N, another equivalent of ethyle, &o., maybe added, and 
a new series of bases obtained, corresponding, not to ammonia, 
but to oxide of ammonium, N H* 0 , and resembling, in their 
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properties, oxide of potassium or potash, muoh more than am- 
monia, as they are not volatile without decomposition. Oxide of 
ammonium is the same thing as ammonia plus water ; and if, as 
is probable, oxide of ammonium does exist in the salts of ammo- 
nia, such as sulphate of ammonia, N II* 0, S 0 * , it is resolved 
into ammonia and water, as soon as separated. Such is also the 
case with the metals belonging to the three first series of ammonia 
bases (for being analogous to ammonia, they form, with hydrogen, 
metals liko ammonium). Thus, to take one example, triethy- 
larnine, with hydrochloric acid, forni 9 chloride of triethylium, just 
like ammonia with the same acid. 

NIIr, + JlCl=: N II* Cl oml N Ac* + II Cl = N ) Cl 

Ammonia. Ohlorido of Triethyhimine. Chloride of trio- 

Ammonium. ” thylium. 

And iu sulphate of tricthylaminc, we have the oxide of the 
metal, as in sulphate of ammonia. 

ft n’ } °> s ° 3 . 

Sulphate of Oxide of triethylium. 


N 11,0, SO. 

Sulphate of Oxide of Ammonium. 


And this oxide, liko that of ammonium, is resolved when sepa- 
rated into water and triethyluminc. 

But with tho new or fourth series of bases it is different. 
The oxido of the metal is not resolved into other products, when 
separated from the acid, but can exist in a separate form. We 
have, first, 


Ammonia . . N IT:$ 

Ammonium . .NR, 

Oxide of ditto . NH,0 

Chloride of ditto . NR* ('l 


Triotln Inmine . 
Tetrethylium . 
Oxide of ditto . 
Chloride of ditto 


. NA03 
. NAe* 

. N Ae,0 
. N Ac, Cl 


While oxide of ammonium is instantly resolved into ammonia 
and water, oxide of tetrethylium is permanent, and much re- 
sembles potash. 

Here, then, is a totally new scries of bases representing, not 
ammonia, but oxido of ammonium, and therefore containing 
oxygen. If oxide of tetrethylium were ns unstable as oxide of 
ammonium, it should yield tricthylaminc and ether, as oxide of 
ammonium does ammonia and water; thus: N IT* 0 = N H 3 -f- 
11 0. N Ae*0 3 = N A 03 4 -Ae 0. Evidently, in the former case, 
tho affinity of oxygen for hydrogen breaks up the oxide ; but in 
the latter tho affinity of oxygen for ethyle is not powerful 
enough to do so at the ordinary temperature. But where an atom 
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of hydrogen is present in the same place as the fourth atom iu 
ammonium, it is separated as water, as wo have seen in trie thy - 
Hum, the oxide of which, like that of ammonium, cannot exist in 
the separate form. Thus, 

KII.0 = N1I» + HO; i- HU 

These considerations explain how it happens that the oxides oL 
the new organic metals, analogous to ammonium, are peunaneut. 
And it is worthy of notice, as a strong proof that these m w com- 
pounds represent ammonium in which hydrogen hus been i ulirely 
replaced by one, two, three, or even four different radicals, that 
it has not been found possible to replace by tin m radicals more 
hydrogen than 4 equivalents, evidently the four of aiiinmmum, 
N lit. Should any further replacement of hydiog< n b\ tthyle, 
ior example, occur, then cither the group will be brok< u up, or 
the replaceim ut will all'ect the radical itself; that L, if in tetri - 
thylium we could replace an atom of hydrogen by eth\h, it 
would be an atom in one of the atoms of ethyle, which one might 

then become Ct j But this is not very likely. The following 

table gives the hydrated oxides of the bases already disco\< i< d iu 
the (unmoniuni series 

Hydratul exult of 

Ammonium . . . N 11*0, HO r*N If , 2 110 

Teti timet liylium . . NAltsO, UO 11.; N, O, Ho 

Tetrc*th) liam . . . NAmO, H () 1L<> N, O, Ho 

Mcthylotrictliylium . . NMeAciO, HO =(Ju Hi- X, O. UO 

AmWotmthvhum . . NAi\*Aylo, II () IH, N, (>, HO 

Tetramyliwm . . . NAyhO, IIO — Utn IL* N, 0, IU) 

MttliyhnUothylamj Hum . N Me Ac* AylO,H 0 rzrtbo Hm X, (), HO 

TnethyloplioiiyUum . . N Aea Ph 0, II O =(bk Ha> N, O, II 0 

Mcthylcthylamylophenylmm NMeAeAylPhO, HOmCvs ILv N, HO 

The general character of these bases is well marked. Like 
oxido of ammonium, and unlike the ammonia bases, they all have 
an even number of equivalents of hydrogeu. The hydrates 
crystallise and are very soluble in water. They cannot be dis- 
tilled without decomposition. Like potash, they attract carbonic 
acid from the air, have a caustic taste, and saponify oils. But 
they, and all their salts, arc very bitter. Their iodides, chlorides, 
&c., contain the compound metals in union with iodine, &c., and 
resemble iodide of potassium. Thus hydriodic acid acts on tho 
oxido of tetrethylium, yielding water and the iodide, just as it 
acts on oxide of potassium. 

KO, IIO + HI = KI + 2 IIO; and NMe* 0, TO, + HI=- NMe« I + 2110 
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Here, then, it will he seen, we have lour large series of bases, 
evidently representing, three of them ammonia, the fourth, oxide 
of ammonium ; and it is highly probable that many of the 
natural bases belong to these lour series. As, however, the 
ammonia bases of all three series are volatile, so we can only at 
present refer to that class the volatile natural bases, such as 
eoniine and nicotine. But the ammonium bases agree with the 
non-volatile natural bases in four points: first, in being fixed; 
second, in containing oxygen; third, in having a hitter taste; 
and fourth, in yielding volatile bases when decomposed by heat. 
Some of the formuho in the last column of the last table 
approach very nearly to thorw of natural lived organic bases, 
in fact, an attempt was made by .Hofmann to form artificially 
a natural base, quinine. The formula of quinine, according to 
the best analyses, is C 20 11^2 X (> 2 = Cv<> Jin N 0, II O. When 
heated, it yields a volatile base, quinoline. Now this was supposed 
to be (As Hk N, and quinine to dilier from it by CL H* Oa. And 
the hydrated oxide of tetramethylium, a bitter fixed base, CL His 
N Oa = CL Hia N 0, II O, yields, when heated, a volatile base, 
trimethylamine, Co TIo N ; the difference being, as before, Ca IH 
Oa . Now as trimethylamine may be reconverted into the hydrated 
oxide of tetramethylium by the action of iodide of methyle on 
it, and of oxide of silver on the iodide thus produced, the question 
was asked, may not quinoline, which is found in coal-tar, yield 
quinine in the same way r* In point of faot, the action of iodide 
of methyle on quinoline docs yield a crystallised iodide, appa- 
rently similar to the hydriodato of quinine, but as recent researches 
show, not even isomeric with it ; the true formula of quinoline 
being Cis Hz N. Still we may hope to succeed in process of 
time in forming artificially the natural bases. For further details 
concerning quinoline and its homologues see pp. 400, cl seq* 

But we must not suppose that Liebig’s theory, even as extended 
by Hofmann, so as to include, besides amide bases, imide, nitryle 
and ammonium bases, includes all the possible modes of formation 
of organic bases. Some may be, as Berzelius imagined, coupled 
ammonias, some coupled amide, iniido, nitryle, or ammonium 
bases, or substitution products derived from these. And it must 
be borne in mind, that even of these four series of bases we have 
only learned to know those containing the four radicals, methyle, 
etliyle, amyle, and phenyle, while there may be hundreds of similar 
radicals. The field has been opened ; it remains for us to culti- 
vate it. Of the bases mentioned above, many hnvo been already 
described under the ethylic series of radicals, and the remainder 
will be noticed under aniline or phenylamine, further on. 

Besides the methods employed for the production of the bases of 

c c 2 
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tli© four classes above mentioned, chiefly the action of the bromides 
or iodides of methyle, ethvle, &c., on ammonia, there aro various 
other processes which yield artificial organic bases, which must 
hero be briefly noticed, liases, then, are formed : — 

1. By the action of ammonia on organic products, aided by 
other processes. Thus ammonia forms bases, as wo have seen, 
with oil of bitter almonds and furfurole, when aided hv the sub- 
sequent action of potash : with oil of mustard ; and probably in 
other instances. 

2. In the destructive distillation of nitrogonised animal and 
vegetable matters, such as albuminous compounds, natural bases, 
indigo, and coal. In l)ippel*s animal oil are found bases of three, 
if not four, distinct series; those of methvlamine, &c., of aniline, 
of picoline, isomeric with that of aniline, and the series of pyrrole 
bases (Anderson). Indigo yields aniline ; morphine, narcotine, 
codeine, quinine, cinchonine, strychnine and pelosine, yield 
volatile bases when heated ; and the oil of coal-tar contains 
various bases of the methyl amine series, of that of aniline, and 
perhaps of others. 

3. By the action of sulphuretted hydrogen on compounds of 
ammonia. Tliialdine, a very remarkable base, is formed by tho 
action of sulphuretted hydrogen on aldehydammonia. 

4. By the action of sulphuretted hydrogen, or of sulphured of 
ammonium oil substitution compounds containing N Of ; ns when 
aniline is formed in this way from nitrobcnzole, nitraniline from 
dinit robenzole, or Uduidine from nitrotoluulc. 

5. By heating nitrogenisod compounds with potash or baryta ; 
as when aniline is formed by heating isatino with potash, chlor- 
aniline by heating clilorisatine with potash, melamine and am- 
medine by heating molam ith potash, and sarcosinc by heating 
kreatine with baryta. 

6. By heating organic compounds with acids ; as when glycocinc 
is formed by boiling hippuric acid with hydrochloric acid; krea- 
tininc from kreatine ; and alanine from a mixture of aldehyd- 
ammonia, hydrocyanic acid, and hydrochloric acid. 

7. Lastly, by spontaneous metamorphosis, as when hydrated 
cyanato of ammonia passes into urea, or cyanate of methylamino 
into methylo-urca, when their solutions ore evaporated. 

Of all of those methods, examples will be given nndor the indi- 
vidual bases. Of the production of the four classes of bases, 
amide, imido, nitryle, and ammonium bases, with the radicals of 
the ethyle series, numerous examples have already been given. 

It is to be observed, that wc have already succeeded in forming 
artificially three natural bases, all of animal origin, namely, 
urea, glycocine, and kreatiuine. In other cases, as Hofmann's 
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new base, methylo-quinoline, turns out not to be quinino, we have 
only, as yet, produced bases closely analogous to natural bases. 
Thus furfurine, an artificial base, is used, like quinine, as an 
auti- periodic : and tko bitter ammonium bases of Hofmann will 
most probably be found powerful remedies, possibly of that class, 

Lastly, in the formation of artificial bases, wo have succeeded 
in several, indeed in many cases, in imitating the natural process 
of building up complex atoms or molecules from such as are less 
complex. This is seen in the long list of Hofmann’s bases ; and 
also in furfurine, produced by the coalescence of 2 eqs. of 1‘urfu- 
ramido ; and amarine, formed by tho coalescence of 3 eqs. of oil 
of bitter almonds along with ammonia. It has hitherto been 
found comparatively easy to break up or resolve into simpler forms 
the complex natural organic compounds ; but now we begin, like 
nature, to construct the complex from the more simple: perhaps, 
in its ultimate results, the most important step yet made in 
advance in organic chemistry. Our methods are still coarse and 
violent compared with those of nature, which arc gentle but 
irresistible, and infinitely varied in their results; but yet we are 
able to imitate nature, and to replace one group by another, and 
thus to form a series of artificial products, running parallel, in 
many instances, with the natural ones, and exhibiting precisely 
similar properties. 

We shall now briefly describe the artificial bases, in so far as 
they have not hitherto boon mentioned, and wo shall group them 
according to their properties and the sources whence they are 
derived. 


(a.) Volatile oily artificial Alkaloids. 

Of this class of bases we have already described a large 
number, under the radicals, methyle, ethyle, &e., which sec. We 
now proceed to a base, already frequently mentioned as a product 
of many decompositions. This is aniline , which name wc shall 
use for shortness. 

Aniline , CvAU N = N II 2 , C12 1 U == Ad Ph. Svn. Phenyla- 
mine , Phenamine , Phenamide , Kyan ole y Crystalline , JJenzidam . 
This base, which is most properly called phenylamino or phena- 
mine, has already been described as domed from indigo, anthra- 
nilie acid, and isatine, and as produced also by the action of bases 
aided by heat on nitvotoluole (protonitrobenzoeno). It is further 
produced, along with other bodies, when nitrobenzole (nitro- 
bonzide) is distilled with alcohol and potash, and when the same 
compound is acted on by sulphurct of ammonia. Lastly, it occurs 
in coal-tar, and in the oil obtained by the destructive distillation 
of animal matter. 



890 


FORMATION OF ANILINE. 


We shall give here, in one view, the equations which explain 
the production of aniline, ns no other compound admits of being 
produced in so great a variety of ways, and all theso equations 
are instructive. 


1. Cu NHn Ch, IK) = 2 CO* + CiQ Hr N 
AiitbnmHio acid Anilino. 

2. Cio N ih Ch + 4 (K 0, II 0) = 4 (IC 0, CCh) + Cw Hr N 4- H* 

Isatinc. Aniline 


3. Ci. 


{So.} 


Nitn-tulurvle, 

’ Hs 1 


c„ { 


N 0» f 


Xiirobenzole. 


4 2 Ba 0 = 2 (Bn 0, C 0* ) 4 Ci* Hr N 

Aniline 

4 G (N Hi H) = 4 II 0 + 6K Hi 4- C.* Hr X 4 ft. 

Aniline 


5. 2 Cl! {^ 0< ) + C. Ho Os + 2 (K 0, II 0) = C.s TL N + 


Kit when sol t>. 


Alcohol. 


A/.i'l*en/ide 


Cl* Hr N 4 2 C. Ch, K 0 4 6 II O. 
Aniline. Oxalate of I’otasu. 


These equations will give the reader some idea of the groat 
variety of processes by which one organic base may be formed, 
and it is probable that every onoof those processes may, if applied 
to other compounds, give riso to other bases. In fact, this is 
already the case, as will be seen further on, with the processes 
Nos. 2, 3, and 4. 

Besides the above sources of aniline there is another, namely, 
the destructive distillation of nzotised matter. That of indigo is 
explained by No. 1, as anthranitio acid is probably first formed 
and. then destroyed. But aniline is perhaps host obtained from 
the basic oil oi coal-tar. Tho crude oil of coal-tar is well agitated 
with hydrochloric acid, which takes up tho basio oils in an 
impure state. They aro separated from the acid by ammonia, 
and consist chiefty of aniline and leueoline. The former is found 
in that part of the oil which, when it is rectified, passes at near 
360% and it is purified by rectification till it distils at that 
temperature, combining it with oxalic acid, purifying the oxalate 
by crystallisation, and distilling tho pure salt with potash. 

Aniline is a colourless oil, highly refracting, of Sp. G. 1*020. 

I t has a burning taste, and a pleasant vinous smell when pure! 
It turns the delicate purple of the dahlia to green, but does not 
aot on turmeric. A drop of it on fir-wood, moistened with 
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hydrochloric acid, strikes a deep yellow colour. It produces a 
deep hut fugitive purple with a solution of bleaching powder. It 
neutralises acids, forming salts which have a very great tendency 
to crystallise, hence the name crystalline . In combining with 
oxygen acids, aniline, like ammonia, takes up 1 eq. of water, but 
it combines directly like ammonia with hydrogen acids. Like 
ammonia, also, its chloride forms double salts with bichloride of 
platinum and other analogous salts. 

Nitric acid converts aniline into nitrophenisic (picric or 
nitropicric) acid ; and by the action of chlorine, and of chlorate 
of potash with hydrochloric acid, it is converted into chloro- 
phenisio and chlorophenusio acids, chloranile and triehloraniline. 
Bromine produces tribromaniline. These transformations prove 
that aniline belongs to the series of phenyle, as formerly 
explained. In fact, it has the composition of phenylamide, for 

The analogy of aniline with ammonia extends beyond what 
has been above stated ; for as ammonia forms, under certain 
circumstances, such compounds as oxamide and carbamide, the 
latter only known in combination, so does aniline, under similar 
circumstances, yield analogous compounds, oxanilide and car- 
hanilide . It even yields formanilide , the analogous compound to 
which, formamide, is not known. It also forms acid anilides, such 
as carbanilic acid analogous to carbarn ic acid , &c. A compound 
has also been obtained iii which the oxygen of carbauilido is 
replaced by sulphur. (Gerbardt. Hofmann.) 

Hofmann has also discovered that cyanate of aniline sponta- 
neously passes into anilo-urca , as cyanato of ammonia docs 
into urea, and cyanato of methylamiue into methylo-urea. 
N I h 0, O 2 N 0 = Ca Na H* Oa, and Cia Ha N 0, Ca N 0 = 
Cm Na Us Oa . 

It lias already been mentioned that by heating clilorisatine, 
bromisatine, Ac., with potash, bases and neutral compounds are 
obtained in which the hydrogen of aniline is replaced by chlorine 
and bromine, and that by the action of sulphuretted hydrogen and 
ammonia on dinitrohenzolo, another base, nitraniline, is formed, 
in which 1 eq, of hydrogen is replaced by 1 eq. of nitrous acid. 
A table of these last compounds having been already given, we 
shall here give only a tabular view of the analogy between aniline 
and ammouia. 


Ammonia in its \ 
chloride, &e. J 
Ammon in in its 1 
sulphate, &e. J 


NIL 

NIL, HO = 
NH*, 0 


Aniline in its \ 
chloride, kc. J 
Aniline in its 1 
sulphate, &c. J 


Ci« NIL 

Cia N Hr , HO == 
Cl* NIL, 0 
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Ammonia plati- 1 NH* Cl 4* 
num salt, &c. J Pt CL 


Aniline plati- 1 Cia N Hs, Cl + 
num salt, &e. J Pt CL 


Oxamide 


N Ha Ca Oa sss 
(NH*0, Ca Oa)— 2 n 0 


f Cm N Ho Ca Oa = 
Oxauilide < (CmNILO, CaOo) 
[ — 2 H 0 


A . ,,rC4H3NOo = 

Oxamic acid | ^ ^ > N Ha + Ca q 3 n 0 

Ure “ { (N U< 0,‘ C,'lio) Anilo-Uixa 


r Ci« ^ H? o« 

Oxanilie Acid « =Ci*NHeOa 
[ 4 - C 3 0 3 , HO 
fCu Nails Oa = 

1 (Cia N II 8 0, C s N 0) 


It is impossible, after considering the facts exhibited in the 
above table, to doubt the perfect analogy existing, in all their 
ohemical relations, between ammonia and aniline. 

This analogy is at once explained by regarding both as amide 
bases, ammonia as amide -f- hydrogen, Ad II, auiline as amide 4 - 
phenyle, Ad Ph. Phenyle is Cia Ho . And as phenyle is only one 
of a series of homologous radicals, the plicnylie series, Cn Hn — 7, 
so aniline is the first of a series of homologous bases, in which 
amide is combined with those radicals. 


Phenylo . . Ph — Cm Ha Phenylamine Cia II? N=.NIl2 , Cia Ho =AdPh 

T< tyrole?° te8 ".} Tyl =rC,i117 Toluidine OuHs N=NHa .CmU? »AdTyl 

Xylylo . ! Xy saCioHo Xylidino C10H11 N=NH a , Ci«»H» =AdXy 
Cumyle . . C'uy = Cia H,, Cuinidino Cib H13 N— NFla , Cis II u =AdCtiy 

Cymyle . . Cmy = C20 lliaCy midi ue C20 H 1 5 N — N Ha , C-jo H 1 = AdCym 

These bases will be briefly noticed in their proper places. 


Although aniline is perfectly analogous to ammonia, yet from 
its complox nature it necessarily yields products of decomposition 
or metamorphosis such as ammonia cannot yield. ^Ve have 
already seen that it yields substitution compounds, chiefly basic, 
namely, chloTaniline, dichloraniline, trichloraniline, bromauiline, 
dibromaniline, tribromaniline, and nitraniline, in which part of 
the hydrogen of the phenyle is replaced by chlorine, &e. ; and it 
has been ascertained that the bases in the above table homologous 
with aniline, are capable of yielding similar substitution products. 
Hofmann has also obtained bases, in which ethyle is substituted 
for part of the hydrogen of chloraniline and nitraniline, namely, 


ethylon it ran iline t 


Ao 

Ae 




Ae 

Cia 


,} N: 


and dicthylochloran Him , 


(IT*, NO*)J 

But in studying the aotion of cyanogen on 

Cia (H* Cl) J 

aniline, which he expected to yield products in which cyanogen 
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was substituted for hydrogen, he obtained entirely different 
results. 

Cy aniline. When cyanogen gas is made to act on an alcoholic 
solution of aniline, crystals are formed, which contain several 
bodies. One of these is a base, cyaniline i which is Ch. Hz Na = 
Ci a II 7 N 4- Oa N. Here the cyanogen has combined with aniline 
to form the new base. It forms brilliant silvery scales, very 
sparingly soluble in any liquid. It forms salts with acids,' which 
are permanent in the dry state, but easily decomposed in solution. 

Melaniline . When gaseous chloride of cyanogen acts on aniline, 
there is formed the hydrochlorate of this base. The base itself 
is crystalline, and has the formula C 20 Hia Na. It is thus 
formed — 


2. (On Hr N) + C a N Cl = C, 0 II, * N* + II Cl 

Aniline. Chloride oi Cyanogen. Melaniline. 


It may be regarded as aniline, coupled with a compound, which 
is aniline, in which 1 eq. of hydrogen has been replaced by 
cyanogen. Thus, 


Cue Ilia Na = Ci* Ht N + Ci. 


H a 
C« N 



Melanilino is very sparingly soluble in water, but soluble in 
alcohol and ether. It forms crystallisablo salts with acids. 
With chlorine it yields the hydrochlorate of a new base, 

dichloromdaniline, C.a ^ j Na ; with bromine, dibromomelaniline 
C20 | Na 1 and with iodino, diiodomelaniline, C20 j Ns. 

With nitric acid it yields the base dinitromelanilinc , C 20 j 

Na ; and with cyanogen, it forms a compound in which 1 eq. of 
melaniline is united with 2 of cyanogen, analogous to oy aniline, 
and called dicyanomelaniline ; but this is not, like the other 
four, a substitution product. It may be viewed as composed of 


1 eq. eyaniline, 1 cq. of the compound Cia j , supposed to 

exist in melaniline, and 2 eqs. of cyanogen, as if eueh of the groups 
in melaniline took up, like aniline itself, 1 eq. of cyanogen. Its 
formula is Cao II13 Na = Cm Ilia Na -f ~ C. N = (Ci* -if 7 4 - 


Ca N) + (CY. ^° n I N + Ca N). It is a feeble base. 

With diluted acids, eyaniline yields various products, among 
which aro oxamide , oxanilide , analogous to oxamide, and a 
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compound of both, oxanilamide. Oxanilide is Cia II* N, C 2 
Os, and oxonilamide is Cia Ho N, CaOa -f- HaN, C a O a = Cw N* 
Ha°*. 

When dicyanomelaniline, C»o Hia Ns, is boiled with acids, it 
undergoes a remarkable change, and yields a yellow product, 
Cso Hu Ns 0*. Thus, CsoHuNs + 4 H 0 + 2 H Cl = 2 
(N H* Cl) -f Cso Hu Ns 0* . It may bo regarded as binoxalato 
of melaniline, minus 4- eqs. of water. This is the composition of 
an imidc, and the compound has been named Melnnoximide. 
When heated, the body yields, among other products, a volatile 
liquid, boiling at 35*3°, of a very pungent odour, Cu N IIo Oa, 
which bears to hydrated cyanic acid the same relation as aniline 
does to ammonia. C 12 II 7 N =. N Ha -f- Ci 2 II*. On N IIo 1 ) 2 = 
Ca N 0, II 0+ Ci 2 II 4 . Hence it is named Anilocyanic Acul . 
With acids and bases it is resolved into aniline and carbonic acid, 
just as cyanic acid into ammonia and carbonic acid, Cu N Ha 
O 2 -f- 2 H 0 = C 12 H 7 N -f- 2 C Oa . In short, it is hydrated 
cyanic acid, in which the hydrogen of its basic water is replaced 
by phenyle, Cn Ha, or it is the cyanato of oxide of pheuyle. 

Ca NO, IIO C* NO, CiaHaO 

Hydrated Cyanic Acid. Cyanato of oxido of phenyle. 

As cyanic acid with water yields, first ammonia and carbonic 
acid, and then by the action of this on another portion of tho 
acid, cyanate of ammonia or urea, so anilocyanic acid, with water, 
yields first aniline and carbonic acid, and secondly cyanate of 
aniline, or 2 atoms of carbanilide , analogous to urea, which is 
2 atoms of carbamide. 

2(CaN0, HO)+2HO-2COs = C»NsH«0* = 2 (0 0, N Ha > 

Hydrated Cyanic Acid. Urea. Carbamide. 

2 (Os NO, Ci« HftO) +2 HO— 2C 0* =Cs» Na II u» 0* = 2 (0 0, N Ois Ho ) 

Anilocyanic Acid. V Carbanilide. 

Carbanilide is therefore urea, in which 2 eqs. of hydrogen are 
replaced by phenyle, C 12 Hr, diphenylo-urca ; but it is uncertain 
whether it may not be only polymerio with tho true diphenylo- 
urea, that is, whether 1 eq. of the latter may not resolve itself into 
2 eqs. of carbanilide. There is another compound, carbamide* 
carbanilide, in which 1 eq. of hydrogen in urea is replaced by l of 
phenyle. This is phenylo-urea, and is formed when anilocyanic 
acid acts on ammonia. Ca N 0, II 0 4* N Ila = C * 1U Na Oa, 
and Ca N 0, Ci. Hr 0 + N Hs = Ci* N a H* Oa . 

When cyanic acid acts on aloohol it yields two compounds, 
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uretliano or carbamate of oxide of ethyl©, and allophanate of 
oxide of ethyle, according as 1 or 2 eqs. of the acid act on 
1 of alcohol. Hofmann finds that anilooyanic acid produces with 
the known alcohols compounds analogous to urethane, and 
probably also compounds analogous to allophanio ether. As 
urethane contains carbamio acid, so the phenylo-urethane must 
contain an acid, in which 1 eq. of hydrogen in oarbamie acid is 
replaced by phenyle. Now carbamio acid is C 2 N ila Os , H 0, 

and the new acid must bo Ca N ^ ^ j Oa , II 0 = Cu N Ho 

Os , II 0 = On N H 7 0* . This is the formula of anthranilic 
or carbanilic acid, but whether the acid in phenylo-urethane or 
carbanilate of oxide of ethyle be identical or only isomeric with 
anthranilic acid from indigo is not yet known. 

The reader will not fail to observe, that as the cyanates of 
oxides of ethyle, methyle, &c., when heated with potash, yield 
othylamine, methylamine, Ac., so we may expect the anilocyanatcs 
or phenyle- cyanates of the oxides of ethyle, &c., to yield with 
potash a new series of bases, in which 1 eq. of the hydrogen of 
aniline is replaced by ethyle, methyle, Ac. Here also aniline 
will probably retain its analogy to ammonia, but the investigation 
is very difficult, from the long, tedious, and expensive processes 
necessary to obtain iirst aniline, then mclanilino, dicyano- 
melaniline, and anilocyanic acid, with which last it must be 
commenced. 

The reader is referred to Dr. Hofmann’s papers for many 
interesting details and ingenious speculations, which we are com- 
pelled here to omit. 

When mclanilino is heated it yields, among other products, a 
body called aniline-mellone, which, however, combines with 
aniline to yield the compound Cm JI25 N 7 = .‘I (Cia II7 N) + Cis 
Hv Ni . The latter group is anilomellone. Laurent has obtained 
a compound Cso lln N 5 , which is = Cia H7 N 4- Cm IL N*. 
Anilomellone, or phenylomollone, Cis IL Ni, is mellone, Co N*, 
coupled with C 12 IL, or phenyle, minus H. 


Besides the abovo derivatives from aniline, there are many in 
which phenyle is substituted for hydrogen ; as for example, 
volatile bases, like those of the series of ethylaminof aniline itself 
being the first of them ; in the others, we have the hydrogen of 
ammonia replaced to the extent of two, three, or four eqs., either 
by phenyle, or by phenyl 0 in part, and in part by one or more of 
the ethylic radicals. Of these, the following are known : — 
JSthylophcny famine or JBthylamline > Cm Hu N = N, H Ae Ph. 
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PICOLINE. — TOLUIDINE. 


This base is obtained by the action of bromide of ethyle on aniline. 
N H* Ph -f Ae Br = II Br 4 * N H Ae Ph. Its empirical formula 
is Ci« Hu N. It much resembles aniline. 

IHe t hyloph enylarn ine, Cao flu N = N, Ae« Ph, is formed when 
the preceding base is acted on by bromide of ethyle. It resembles 
the foregoing. 

Tr iethyloph e ny Hum . The iodide of this compound is formed 
when iodide of ethyle acts on the preceding base, N Aea Ph 4- 
Ae I = N Aes Ph, I. It forms, like the other ammonium bases, 
a hydrated oxido, which is a powerful base. 

Mcthylethylamylophenylium . This sesquipedalian word denotes 
an ammonium compound, the iodide of which is formed when 
iodide of mothyle acts on ethyl ainylophcnylami no, Me 1 4 - N Ae 
Ayl Ph = N, Me Ae Ayl Ph 4- 1 . Its hydrated oxide is, like the 
preceding one, a powerful base. 

JEthylamyhphenylamine , N, Ac Ayl Ph, is obtained by the action 
of bromide of amylc on ethylophenylamine, or of the bromide of 
ethyle on amylophcnylamine. N, II Ae Ph 4- Ayl Br = N, 
Ae Ayl Ph 4 - II Br, or N, II Ayl Ph + Ae Br = N, Ae Ayl Ph 4- 
II Br. 

Methjlophenylamine , N, H Me Ph ; Methylethylaphenyl amine , 
N, Me Ae Ph; Amylophenylamine , N, II Ayl Ph ; Diamylophe- 
nylamine , N, Ayla Ph ; are all formed by means of analogous 
processes, and are all volatile bases. It is singular that the two 
last-named have a strong and fragrant smell of roses. 


Aniline or phenylamine, and all its derivatives, contain the 
radical phenyle ; but this same radical is found iu many other 
compounds, as will bo explained under the head of hydrated oxide 
of phony le or carbolic acid, among the products of the distillation 
of coal, and, as has been already noticed, under bonzoyle, saiicylo, 
and indigo. 

Picolim ?, C12 H7 N, is another volatile oily base, isomeric with 
aniline, lately discovered in coal-tar by Dr. T. Anderson. It is 
fjptfnd in the more volatile portion of the basic oil, boiling at 272 °. 
It has no action on bleaching-liquid or on fir-wood. It is a 
powerful base ; and as it has a strong penetrating odour, it is pro- 
bably identical with the odorine of Unverdorben, which, however, 
was ^>t obtained in a state of purity. Under Naphthaline , we 
shall' return to the isomerism of aniline and piooline. Anderson 
finds that picoline is one of a series of bases isomeric and parallel 
with' that to which aniline belongs. 

Pyridine , C10 H& N, is tho lowest of the picoline series, and 
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there is no corresponding base in the aniline series. It is more 
volatile than picoline, but resembles it in many characters. 
(Anderson.) 

Toluidine , Ci* Ho N. This base, the second of the homologous 
series of aniline, is formed by the action of sulphuretted hydrogen 
and ammonia on nitrotoluole, as aniline is from nitrobcnzole. It 
is derived from the fundamental compound of the series, toluole, 
Ci 1 11s, as aniline is from benzole or phene, Cia IIo. 

C.i -[ ”' 0t } + 0 NIL S=0 NIL + 4HO + Ci* ILN fSo 

Nitrotoluolo. Toluidino. 

Toluidine is, in taste and smell, very similar to aniline; and, 
although solid and crystalline at the ordinary temperature, it 
molts at 104° to a highly refracting oil, which boils at 388°. It 
also turns fir-wood yellow, with the aid of hydrochloric acid. It 
belongs, therefore, evidently to the class of volatile oily bases, 
none of which, as we have seen, contain oxygen. 

"With bromine, toluidine yields a crystalline body, Ci* j j N ; 

and chlorine appears to form an analogous compound. These 
products correspond to tribroinamlinc and tricliloranilino. 

Lutidine , Cn Ho N, is isomeric with toluidine, but homologous 
with picoline rather than aniline. It is found in the oil of 
Dipped, along with aniline, picoline, and bases of the ethylamine 
series. (Anderson.) 

Xylidinc . This hose is formed from the carbohydrogen 

xylole, C 10 Hio, homologous with benzoic and toluole (sec table, 

p. 92). It is first converted into nitroxylole, CiaJJ^ j- , and 

this, acted on by sulpliuret of ammonium, yields the base. (See 
process for Aniline, No. 4, p. 390.) It has been little studied, 
but would seem by its properties to belong to the series of 
aniline and toluidine. 

Collidine , Ci« Hu N. Anderson Las found in Dippel’s animal 
oil a base isomeric with xylidinc, which ho has thus named. It 
resembles lutidine. It belongs to the series of pyridine, picoline, 
and lutidine, which runs parallel to that of aniline. 

Anderson has lately ascertained, that the picoline series of bases 
are nitryle bases, and that, by the action of iodide or bromide of 
inethyle or ethyle, they yield ammonium compounds. Thus 

Pyridine is N, C 10 IIs Ethylopyridiwn is N | jj* 

Picoline is N, Cn Ht Ethj lopicoliuin is N j 

Pyridine and picoline correspond to ammonia, N Ha 1 , and arc 
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volatile* The two new compounds correspond to ammonium, 
JST H*, and to tetrethyliura, and are not volatile. 

Anderson has also obtained, from pyridine and picolino, line 
platinised bases, such as 

Platinopyridine . . . . . CioILPtN 

Pkitosopyridine . . . Cu> R* Pt N 

Cumidine , Cis II i» N. One of the products derived from oil of 
eumine is cumo/c , Cis Ilia ; and it is also found in the oil of coal-tar, 
with its homologues, benzole, toluole, and xylole. It is converted 

into nitrocumole, CVs ^ l ( 1 ^ | , and this, as usual, into the base. 

Cumidine is a beautiful crystalline base, fusible, and, when 
melted, resembling aniline. It yields, like aniline and toluidine, 
substitution products with chlorine, bromine, nitrous acid, &<s . ; 
and it has been ascertained that both toluidine and cumidine 
behave, with cyanogen, as aniline does, and no doubt yield a 
whole series of new products analogous to those described under 
aniline. 

Parvoline, Cih Ilia N. This base, parallel, in the pyridine series, 
to cumidine in the aniline series, has been found by Williams in 
the naphtha of shale. 

Cymidine , €*> His N. Oil of eumine yields another carbo- 
hydrogen, eymolo, Cso Hi* , homologous with benzole, and present 
in the oil of coal-tar. Nitrooymole, from which the base is 
prepared, is formed when cymolc and fuming nitric acid previously 
cooled in a freezing mixture, are brought together. Cymidine is 
oily, and boils at about 482 J F. It is the highest known member 
of the anilic series of bases. 

We have now seen that in the series of aniline five, and in that 
of pyridine, five bases have been discovered ; the lowest in the 
aniline, and the highest in the pyridine series being yet unknown. 
We have 

Pyridine . . . Cio IIs N == ? 

Picoline . . . Cm H 7 N = Aniline. 

Lutidine . . . Ci* Ho N =: Toluidine. 

Collidine . . . Cio Hu N s= Xylidine. 

Parvoline . . Ci» Hi» N ss Cumidine. 

t ... Cso Hi » N = Cymidine. 

We have already seen that aniline and its homologues are amide 
bases, in which 'phenyle, &c., take the place of the third eq. of 
hydrogen. It now appears that the pyridine series are nitryle 
bas££, in which Hs is replaced by Cio H*, Cia Ho, and so on, 
Whether Cio H* and the like be single radicals, equivalent to Hs , 
or made up of two or three radicals. The difference of properties 
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between these two series of volatile bases is now easily understood. 
In fact, picoline, though isomeric with aniline, could not, from its 
constitution, have the same properties. 

It may here bo noted that Anderson’s new compounds, cthylo- 
pyridium and ethylopicolium, considered as compound ammoniums, 
are isomeric with iutidine and collidine, being Ci* llo N and Ci*, 
IIn N. The corresponding methyle compound of pyridine will 
bo isomeric with picoline or with aniline, C12 H7 N, and the 
methyle compound of picoline will be C14 N isomeric with 
Iutidine, toluidinc, and ethylopyridium ; yet all these will be 
totally distinct compounds. This is like what we have seen of 
the numerous cases of isomerism in the volatile bases of the 
ethyl ic series. 

Pyrrole bases. I11 DippePs oil, besides bases of the picoline 
and otliylamino series, there are bases of another series, charac- 
terised by yielding a red resinous matter when decomposed. 
According to Anderson, they contain bases of the pioolino series, 
coupled with a body which gives rise to the red matter when 
separated. 

Grovillo Williams has examined in detail the volatile bases 
from the distillation of coal (coal tar), of cinchonine, and of 
Dorsetshire shale, and his results, compared with those of 
Anderson obtained with the oil from the distillation of bones 
(that is, from gelatine) or DippePs animal oil, indicate very 
striking analogies between the results in substances of origin so 
widely diiferent. Thus wo have — 

In DippePs oil — 

Pyrrole bases . 

Pyridine 

Picoline— Aniline 

Lutkline 

Collidine 

In Dorsetshire shale oil : — 

Pyrrole bases . 

Pyridine 

Pieoliue . 

Lntidine 

Collidine . 

Parvulino 


Composition unknown. 
C 10 Ila N 
C i« ID N 
Ci* H* N 
Cia Hu N 


Composition unknown. 

Cu> Ha N 

Cis ID N 

Cu N 

Cio Hu N 

Cl8 Hl3 N 


The absence of anilino and its homologues is here very 
remarkable. 
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In the oil from cinchonine 

Pyrrole bases Composition unknown. 

Pyridine Cio Hs N 

Picoline Cm H? N Quinoline Cm Hr N 

Lutidine Cu H» N Lepidine Obo H» N 

Collidine Cm Hu N 

Hero aniline and its homologues are still absent, but wo find 
quinoline and lepidine, homologous bases, of a third series, for* 
our knowledge of which, beyond quinoline, we arc indebted to 
Williams, who has also greatly extended and corrected our 
notions of quinoline itself. 

In coal tar we find : — 

Pyrrole bases Composition unknown. 

Pyridine Cio Hs N 

Picoline Cm H? N Quinoline Cm H? N 

Lutidine Cu IL» N Lepidine Can H$» N 

Collidine Cm Hu N Cryptidine C22 Hu N 

Aniline Cm H; N 

Here Williams finds a third member of the quinoline series, 
and aniline is abundant, though, as yet, none of its homologues, 
toluidine, xylidine, cumidine or cyraidino, have boon found in 
coal tar. As the corresponding carbohydrogens, however, benzole, 
toluole, xylole, cumole and cymole, do occur in ooal tar, it is 
probable that those bases will nltimatcdy bo found there. 

Williams has also obtained from the shale oil, traces of two 
bases, not yet isolated. One of theso, vertidine , strikes a beau- 
tiful emerald green colour with bleaching liquor, and seems to be 
isomeric wiQi lutidine. This base appears also to occur in small 
proportion in Dipp<Ts oil. The other base i9 called carmidine, 
and was obtained, when a portion consisting chiefly of lutidine, 
was passed as vapour over red hot lime. It gives a fine red 
with fir wood and hydrochloric acid, and a bluish green with 
bleaching liquor. Its composition is not yet ascertained. There 
is, perhaps, some relation between these two bases, but there 
appears to be at least one peculiar base, though we do not know 
to which series it belongs, and it may possibly bo one of a new 
series altogether. 

I am indebted to the kindnesB of Mr. Williams for the use of 
the MS. of a most interesting paper by him, not yot published, 
from which, and from his earlier papers, I have extracted the 
above results. 

But it is proper also hero to mention that Williams has deter- 



QUINOLINE AND LEPIDINE. 


401 


mined the true formula of quinoline, Cis H? N, and has shown 
that the basio oil from cinchonine contains not only quinoline and 
its homologue lepidine, but also the pyridine series and the 
pyrole series. The formula of quinoline being as above stated, 
it is evident that the supposed conversion of quinoline from coal- 
tar into quinine or a base isomeric with it, by the action of iodide 
of methyle, followed by that of oxide of silver, must be erroneous, 
since that requires the formula Ci« IJs N, and it is remarkable 
that we seldom, if ever, find in these volatile bases an even 
number of atoms of hydrogen to 1 atom of nitrogen. Mr. Williams 
has found that both quinoline and lepidine form bases with the 
iodides of cthyle and methyle, but that as quinoliue, &c., are 
nitrjde bases, the new ones are ammonium bases, corresponding 
to tetramethylium, and, like it, only known iu the forms of iodide, 
hydrated oxide, or platinum salt. 

The hydrated oxide of methyloquinolium, doe9 not undergo, 
when heated with potash, the same decomposition as that of tetra- 
methylium, but apparently a more complicated one. A volatile 
base is given off, acting strongly on the eyes, and the solution of 
the fixed base, as soon as formed, begins to give olf a volatile 
base, probably methylamino. It is, therefore, totally different 
from quinine. It remains to he ascertained what the fixed base 
was, the iodide of which Hofmann supposed to he isomerio with 
quinine. 

With iodide of ethylo, quinoline yields hydriodate of ethvlo- 
qninoline, or iodide of ethyloquiuolium, from which the hydrated 
oxide is obtained by oxide of silver. This hydrated oxide is 
decomposed by heat, yielding a most splendid crimson colour, 
which dries up with emerald green -metallic lustre. This colour, 
which passes also into purple and blue of very fine tints, is due 
apparently to the formation of some new basic compound. The 
corresponding compounds derived from lepidine, exhibit similar 
characters. When the iodide of ethyloquinolium is acted on by 
sulphate of silver, a colourless solution is formed with a precipi- 
tate of iodide of silver. The filtered liquid on evaporation acquires 
an indigo blue colour, and dries up with a coppery metallic 
colour, like that of indigo when polished. This reminds one of 
the characters of Keichen bach’s pittaoal obtained by the action of 
baryta on the heavy oil of wood tar, and therefore possibly 
basio. 

Lepidine (Cao HaN) is homologous with the quinoline (Cia HzN) 
of Williams; both give with acids beautifully crystalline salts, 
and resemble one another, in properties. Lepidine boils at about 
510° F. The bichromate is a fine salt crystallising in golden- 
yellow needles nearly an inch long. 
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h. Buses dented from Naphthaline . 

These bases arc formed in a manner quite analogous to that 
in which aniline is produood from benzole, and tolaidine from 
toluolo. The carbohydrogen is first converted, by the action of 
nitrio acid, into a compound in which H is replaced by N Oi • 
and the new product, according to the ingenious process devised 
by Zinin, is dissolved in alcohol, and aoted on by ammonia and 
sulphuretted hydrogen. 

Seminaphtalidine % or a/onapbtylamine, CeoHioNu, is obtained 
when nitronaphtalese is treated by Zinin’s process. 


^“{2 NO.} 

""u^" -v ' " 

Nitronaphtalbso. 


+ 12 NILS = 8 HO + 12 NIL +S>* + Cm II, „ N- 

N-mm ipht .lulmf* 


It forms reddish-yellow prisms, of metallic lustre, insoluble 
in water, soluble in alcohol and ether, and yielding crj stallisable 
salts with acids. 

1 VaphtaNdine, or naphtylamine, Cao Ho N, is produced, in a 
similar way, from nitronaphtalase. 

Cm | | +6 NH.S= 4 110 + OHBi + &> +0*. II. N 

Naphtalidtno 

Nitronaphtalase. 

It appears in the form of colourless crystals, soluble in 
alcohol and ether, and combines with acids, yielding crystnl- 
lisable salts. 

This alkali is ammonia, in which 1 eq. of hydrogen is replaced 
by naphtyle, Cao II7 , and may be thus written ; N Ha , C«o II7 ; or 
II 
NH 

C*oHt 

Piria has lately given a new process for obtaining it, which 
consists in the metamorphoses of the salts of thionaphtamic acid. 
This acid contains the elements of naphtylamine with 2 eqs. of 
anhydrous sulphuric acid, C20 He N, On , and when its salts 
are acted on by dilute sulphuric acid, aided by heat, sulphate of 
naphtylamine is deposited in crystals. This salt, distilled with 
lime, yields the base. 


c. Baste derived from Oil of Mustard. 

These bases have already been briefly described under the 
head of Oil of Mustard. They are as follows : 

1 . Thiosmnamine , C 9 H« Na Sa , formed by the action of 
ammonia on oil of mustard. 
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C* Ha N Sa + N H» = Cs Hb N 2 S 2 
Oil of Mustard. Thiosinnamine. 

According to Hinterberger, thiosinnamine forms new bases, in 
which 1 eq. of its hydrogen is replaced by methyle, ethylc, amyle, 
phenyle, and naphtyle (C 20 II? ). These bases, except the two 
last, do not crystallise, but they form salts which do, especially 
the chloroplatinates. 

H ) 

2. Sinnamme , Cs lie Na , or cyanallylamine, N J formed 

Ce He ) 

when thiosinnamine is acted on by hydrated oxide of lead. 

Calls NaS 3 + 2 (Pb 0, H 0) = 2 Pb S + 4 H 0 + Cs Ho N» 

Thiosinnumino. Siuuamine. 

3. Sinapoline, Ci* H 12 Ns O a , formed when oil of mustard is 
acted on by baryta or oxide of lead. 

2 (Co IT 5 N S 2 ) + 6 Pb 0 + 2 110 = 2 (Pb 0, CO a ) + 4 PbS + 

Oil of Mustard. 

Ci* H12 N2 Oa 
Hiuapoline. 

4 . Sink aline, C10 II13 N 0 2 , formed, along with sinapic acid, 
from sinapiue, the peouliar base of white mustard, by the 
addition of water. 

C 32 Xtaa N Oio 4 * 2 H 0 = C 22 Hia O 10 + Cu> XL 3 N 0* 

Siuapinc, Siimjiic Acid. Sinkaimo. 

The above equations will servo to explain the formation of 
these remarkable compounds, all of which, it will be seen, are 
produced by the action of bases, and one of which contains 
sulphur, an element hitherto only known to occur in ono other 
organic base, namely, thialdine. 


d. Bases derived from Aldehyde. 

These bases are of recent discovery, and have been briefly 
mentioned under Aldehyde . For the convenience of the 
reader, we here repeat the equation which illustrates their 
formation. 

8 (NHs, C* H* 0* ) + 6 HS== 2 (N H«, S) + 6 HO + Ci® Hu NS® 

» — ^ . 

AldehyUammonia. - ThlaldLue. 

DJ> 2 


404 BASES DERIVED FROM OIL OF BITTER ALMONDS. 


Selenaldine , Cu His N Ses, is formed by a perfectly analogous 
process. 

e. Bases derived from Mel am. 

These bases have been already described, but we shall here 
repeat the equation, for tho sake of easy reference. When 
melam is boiled with potash it yields two bases, melamine and 
ammeline. 

Cm Nn H v + 2 (K 0, HO) = CoH*No + Co Ns II* 0, + 2 KO. 

Melurn. Melamine. Armncliuo. 


f. Bases derived from oil of litter almonds. 

Two of these bases have also been mentioned, and another 
has since been described. We shall now, as was promised 
under Amarine and Lophtne y give a brief account of these 
compounds. 

Amarine , C+sHisNa, is formed from hydrobenzamide, with 
which it is isomeric or polymeric, by boiling the latter com- 
pound with potash. The formation of hydrobenzamide is thus 
explained : 

3 (Ci* Ho (h) + 2 N Ha= 6H0 + Cb* Hie Ns 

Ilyduret of Houzoyle. Ilydrobonzatnido. 

When hydrobenzamide, a neutral compound, is boiled with 
potash, a new arrangement of particles takes place, and a base 
is the result. It is possible that hj'drobenzamide is really = 

; or, if wo represent -? of N) by Az, then 

3 3 

hydrobenzamide will be Ci* He Az 2 ; that is hyduret of benzoyle, 
in which Oa is replaced by Aza. In this case 3 cqs. of hydro- 
benzamide, Ci* He Aza , coalesce to form 1 eq. of amarine ; 
3 (Cm. IIo Azi) = Cm His Ns. 

Amarine forms fine white needles, soluble in hot alcohol, 
insoluble in water. It has all the characters of a powerful 
organic base. 

Zophine , ITio N«, is formed when hydrobenzamide is 

distilled. Ammonia is given off, then a fragrant oil, and a mass 
is left, from which ether removes a substance not yet examined, 
leaving the lophino undissolved. Lophine is soluble in alcohol 
with the aid of acids, and is precipitated by ammonia. It forms 
fine silky crystals, which possess all the characters of a base. 
We cannot os yet represent its formation accurately, because the 
accompanying produots have not yet been properly investigated ; 
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but it ia evident that if hydrobenzamide be C42 His Na, then 
2 eqs. at least must be required to yield 1 of lophine ; and if 
hydrobenzamide be Ci4 Ho Aza, as suggested under Amarine, 
less than 4 eqs, could not furnish 1 of lophine, 

Iiy the action of hot nitric acid, lophine yields a yellow 
crystalline compound, trinitrolophyle, the formula of which is 

c “!“no.! n - 

Picrine , Syn. Picryle , C±a H15 NO*, is formed when the 
mass produced by acting on oil of bitter almonds by sulphuret 
of ammonium is distilled. It one of a large number of 
products not fully examined, so that its formation cannot be 
represented in the usual way. It must be produced, however, 
by the coalescence of 3 eqs. of the oil. It forms colourless octa- 
hedrons, insoluble in water. It appears to have the properties of 
a weak base. 

By the action of nitric acid, picrine is converted into a yellow 
crystalline powder, trinitropicryle , C« j q j N O4 . 

The formation of the three preceding bases is very important, 
in reference to the views expressed in the general remarks on 
the artificial bases, as they are good examples of the power of 
building up complex molecules from such as are less complex. 

g. Base derived from Furfur ole. 

Furfur ole, Cia Ho Oo , is a volatile oil obtained by heating bran 
with sulphuric acid. When this oil is acted on by ammonia, it 
yields a crystalline compound, furfur alamide, analogous to hydro- 
benzamide. Its formula is Cia N Ha Oa. 

Cm Ho Oa + N Ha = 3 H 0 + Cm Ho N O 3 
Furfurolo. Furfurolftmide. 

Furf urine, Cao Hia Na Oo, is a base, formed when furfuro- 
lamide is dissolved in hot potash, just as amarine is formed from 
hydrobenzamide. Here 2 eqs. of furfurolamide coalesce to form 
1 eq. of the base. 

Furfurino is a powerful base, soluble in hot water, and crystal- 
iisable. It expels ammonia from its salts when heated with 
them, and forms crystalline salts with acids. In composition it 
approaches nearly to several vegetable alkaloids, and has the 
bitter taste and other properties of quinine. Nitrate of furfurine 
is used as an antiperiodic. 
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h. Bases derived from, Narcotine . 

These bases, Cotarnine , Cas His N Oo , and Narcogenine t Cs« 
Hw N Oio, will be presently described under Narcotine . 


i. Bases derived from Animal products. 

Glycocine . Syn. Gly cocoll, Sugar of gelatine , C* NHa O* — 
This remarkable compound was first obtained among the products 
of the decomposition of gelatine by boiling with potash or with 
acids. But Dessaignes has lately discovered that it is best pre- 
pared by heating hippurio acid with hydrochloric acid, when 
water is taken up, and benzoio acid is the only other product. 

Cis N Ho Oft + 2HO= Ci« HoO* + C» N IIs 0» 

Hydrated hippurio acid. Hydrated benzoic acid. Hydrated glycocine. 

It forms large transparent crystals, soluble in water, and very 
sweet. It has the properties of a base, and neutralises acids, 
forming beautifully crystallised salts ; but Horsford has shown 
that it also combines with bases and neutral bodies. By its com- 
position, it is closely related to many different compounds, and 
probably plays an important part in the animal organism. 

Glycocoll is one of a series of homologous compounds, of which 
two others are known. One of these is alanine, already men- 
tioned under aldehydammonia, where a table of these compounds 
is given. Glycocine may be supposed to be formed from hydrated 
oxide of formyle, or formic aldehyde, by the action of hydrooyanio 
acid. Thus, Ca H 0, II 0 + Ca N II + 2 II 0 = C* N H» 0*. 

Alanine t C« NH? 0* , differs from glyoocine by Ca Ha . It is 
formed when aldehydammonia is acted on by hydrooyanio and 
hydrochloric acids. The latter takes tho ammonia, and the 
aldehyde and hydrocyanic acid act on each other with the aid 
of water ; C* Ha 0, II 0 + Ca N H + 2 H 0 = Co N ID 0*. 
Alanine is in all respects analogous to glycocine, and like it, 
exhibits both basic, acid, and even neutral characters. Its most 
remarkable character, however, is that when acted on by hypo- 
nitrous acid, it yields lactio acid, C« N H? 0* 4- N Os = H 0 + 
N# -|- C« H» Os , H 0. It is probable that lactio acid is only one 
of a homologous series of acids, and that glycocine, treated by 
hyponitrous acid, may yield the acid below lactic acid, which 
would be C* Hs Os , H0 = C* H* Os . Now this acid has actually 
been obtaineJ from hippurio aoid by Soooloff and Strccker, and is 
called Glycolic acid . Its formation from glycocine is as follows : 
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C* N H» 0* -f N Os = 2 H 0 4- C* II* Oo . It resembles lactic 
acid, and will be more fully described along with that acid. 
Here we may state that glycolio acid and lactic acid may be 
regarded as formic acid, coupled with formic aldehyde and 
acetic aldehyde, and that glycocine and alanine may be regarded 
as amides of these coupled acids. Thus we have 

Glycolic Acid C* Ha Os, H 0 = C 2 II 2 0» + Ca Ha O 2 

Lactic Acid Co lb O&, H 0= Ca Ila 0* + C 4 H* 0* 

Glycocine . C* N lb 0* = NH 4 0 + C* Hi Os — 2 HO=Glycolamide 

Alanine . . Ca N Ht 0* iriNHrO + Co Hs Os — 2 HO rr Lactamide 

But yet alanine is not identical with lactamide, and is isomeric 
not only with that body, but with sarcosine, and with carbamate 
of oxide of ethyle or urethane. 

Leucine , C 12 N His O 4 , the only other horaologue of glycocine 
yet known, may be viewed as the amide of an acid containing 
1 eq. of the aldehyde of valerianic acid coupled with formic acid. 
This acid is, therefore, Ca Ha 0* + C 10 H 10 Oa. Leucine 
is obtained by the action of potash on animal matter, and 
resembles glycocine and alanine. It crystallises, and combines 
both with acids and bases. It will probably yield with hypo- 
nitrous acid, the acid C 12 H 11 Oa , H 0, resembling lactic acid ; 
and other products, homologous with those derived from glyoo- 
cinc or connected with it, such as hippurio acid (which see). 

Sarcosine , Ca N H 7 0*. — This base is formed, along with xirea, 
when kreatine is boiled with baryta ; but the urea is resolved 
into carbonic acid and ammonia. 

Ca Nn Ihi Oo + 2 Ba 0 + 2 H 0 = 2 (Bn 0, COa) + 2N Ha + 

Hydrated Krontiue. 

Ce N lb 0* 

Sarcosine. 

Sarcosine forms righLrhombic prisms, soluble in water, fusible, 
and volatile at a Iflcat not much beyond 212°. It neutralises 
acids, and has all the characters of an alkaloid. It is isomerio 
with urethane , or carbamate of oxide of ethyle , with lactamide or 
anhydrous lactate of ammonia , and, as above mentioned, with 
alanine , 

Kreatinine , Cs Ns Hr Oa .—This base occurs in the juioe of 
flesh, and in urip£ (Liebig) ; but it was first observed as a product 
of the aotion of acids on kreatine. When kreatine is boiled with 
hydrochloric acid, 4 eqs. of water are given off, and the new base 
is found combined with the acid. 
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C> Na H«'i 0« + H Cl = 4 II 0 + (C. Ns Hr Os + H Cl) 
Kroatiue. Hydrochlorate of Kreatinine. 

Kreatinine is separated from the hydrochlorate by means of 
oxide of lead. It forms prisms, soluble in water and alcohol. It 
combines with acids, yielding crystallisable salts, and it has all 
the characters of a powerful organic base. 

Kreatinine is important, as occurring in the animal organism. 
Under the urino and the juico of flesh we shall return to it. The 
substance discovered by Pettenkofer in urine, is, according to 
Liebig, a mixture of kreatinine with kreatine. 


We have now gone over the artificial organic bases, so far as 
they have not been mentioned in previous sections. It will be 
seen that those compounds exhibit a great variety in their com- 
position, as well as in their properties, and that they arc formed 
in many different processes. Put they all agree in containing 
nitrogen, and may be divided into two classes, according to the 
presence or absence of oxygen. The non-oxygenised bases are 
liquids or fusible solids, volatile without decomposition, and, 
whether as amidic, imidic, or nitrylio bases, may be regarded as 
representatives of ammonia. The oxygenised bases, on the other 
hand, are destroyed by heat, and generally yield one or more 
volatile bases whenheatod. We see, also, that the greater number 
of artificial oxygenised bases, such as picrine, furfurine, and the 
hydrated oxides of tetramethylium and its congeners, are hitter to 
the taste. These aro to be referred to oxide of ammonium as the 
type of their composition, but as that is not permanent, to the 
hydrated oxide of tetramethylium as the type of their properties. 
This class of bases is likely to admit of useful applications in 
medicine, as is already the case with furfurine, and as the bitter 
taste and strong affinities of the oxides of tetramethylium and its 
congeners renders probable in their case. The mild bases, such 
as kreatinine, sarcosine, glyeocine, and alanine, and the sulphurised 
bases from oil of mustard, have probably a somewhat different 
constitution. 

ACTION OF HTPONITKOTJS ACID ON AHTIFICIAL BASF*. 

It is necessary here to notice the remarkable change produced 
on compounds of the class of organic bases, and on others derived 
from ammonia, such as amides, &c., by hyponitrous aoid. The 
reaction is attended by the formation of water, of free nitrogen, 
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and of an oxidised produot. We have mentioned *omo examples 
of it incidentally, as that of the conversion of alanine into lactic 
acid ; but this peculiar method of oxidation seems destined very 
much to extend our power of artificially producing or repro- 
ducing organic bodies. Piria has shown that oxamide, suceina- 
mide, butyramide, and asparamide or inalamide, are thus converted 
into oxalic, succinic, butyric, and malic acids. Let N Ha X be 
= any amide. Then N Ha X 4- N Oa = 2 H 0 -f Na + XO, 
And in the case of oxamido we havo N Ha, Ca Oa 4 - N O 3 = 
2 H 0 *f Na -f Ca 0 3 . Strccker has found that hippurio acid, 
glycoeine, alanine, and leucine, are Urns converted into tho acids 
Cis Ha 0 », (h H* Os, Ca Us Ho, and C 12 UraOo. Now it is 
important to know what is tho result of tho action of hypo- 
nitrous acid on the bases. Hunt found that aniline, when its 
hydrochlorate is warmed with hyponitrite of silver, yields 
chloride of silver, nitrogen, and hydrated oxido of phenyle, 
exactly as might be expected. Cia JI 7 N, II Cl -f Ag 0, N O 3 = 
A g Cl Na + C 12 Ha 0, II 0 4- 2 H 0. Now this compound 
bears to aniline the same relation as alcohol does to ethylamine, 
and it was therefore to be expected that ethylamine with N Os 
would yield alcohol, C* 1LN + N 0 3 = II 0 4- Na = C* Ha 0, H 0. 
But Hofmann has found the reaction to he somewhat different ; 
2 cqs. of N Oa act on 1 eq. of ethylamine, and give rise to hypo- 
nitrite of oxide of othyle, C* N 4- 2 N 0 3 = (Oh IIs 0, N Os ) 
4 Na 4- 2 li 0. Hero, then, we have formed from the base, not 
the hydrated oxide, but the anhydrous oxide of the radical ethyle, 
which lias combined with tho second eq. of N O a . But m>m the 
hyponitrite the alcohol or hydrated oxide may be obtained, by 
the action of sulphohydrate of potassium, (C* H» 0, N Oa ) 4- 6 
(K8,HS) = (C 4 Ho 0, n 0) 4- N Ha 4- 2 II 0 4* K S* . Hence 
it will be possible, if wo can obtain any base, the alcohol of which 
is unknown, to obtain the alcohol as above. Hofmann has done 
so with amylamine and propylamino, as well as ethylamine, or 
has shown that it may be done, although he lias not yet described 
the propylic alcohol. But there can now be no doubt, that if we 
could obtain propylamine, butylamine, caprotylamine, or any of 
the bases of that series, in considerable quantity, as we may one 
day be able to do, from the oil of tar or animal oil, we shall then 
be able to obtain the hyponitrites, and from these the hydrates, 
of the oxides, Co H 7 0, C» H& 0, C 12 Ilia 0, &e. ; that is, the 
propylic, butylic, and caprotylic alcohols. In general, the action 
of hyponitrous acid on all the* known artificial bases should be 
carefully studied. 

Let us now turn to the natural organio bases. 
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1. Natural Alkaloids or Vegetable Bases. 

The alkaloids occur in combination, generally with vcgetahlo 
acids; and they arc separated from these combinations by the 
same means which are employed in the case of inorganic bases, 
modified in each case, according as the alkaloid is soluble or 
insoluble in water and other solvents, fixed or volatile when 
heated. Thus quinine, morphine, and strychnine, are separated by 
adding to their soluble salts, lime, ammonia, or magnesia, which 
form soluble salts with the acids which are present, while the 
alkaloids, being insoluble, are precipitated ; codeine, being soluble 
in ether as well as water, is first set free by potash, and ether 
being added to the aqueous liquid, is agitated with it, and rises 
to the surface, carrying the codeine along with it, and tho same 
process applies to other alkaloids. Lastly, coniine, nicotine, and 
other volatile alkaloids, are obtained by distilling their salts with 
an excess of liquor potassa?. 

The alkaloids, like ammonia, combine with hydrogen acids, 
forming Balts, without the addition of water or its elements being 
necessary ; some, also, like ammonia, refuse to combine with 
anhydrous oxygen acids, requiring 1 eq. of water to form dry salts. 
* Their hydrochlorates, like sal ammoniac, form double salts with 
the bichlorides of platinum and mercury. 

The salts of most of the alkaloids are precipitated as tannates 
by infusion of galls. 

The alkaloids are generally decomposed by chlorine, bromine, 
and io?ine, forming substitution-products, some of which have 
been described. They are also decomposed by nitric acid, some 
of them with a deep red colour. 

Some of them, such as quinine, strychnine, &c., when heated 
with strong caustio potash, yield oily compounds, which are also 
bases, such as quinoline, methylamine, ethylamine, &e. 

Wo shall now briefiy describe the individual alkaloids, dividing 
them into groups, acoording to their characters. 


a. Liquid Volatile Bases. 

Nicotine , Cao Hi* N a =^ hJ N } an< * corresponding to ^ j . 

This base is found in tobacco, and is obtained by distilling the 
concentrated infusion of the leaves along with potash. The dis- 
tilled liquid, which contains nicotine, water, and ammonia, is 
neutralised by sulphuric acid and the neutral solution dried up. 
Alcohol then dissolves the sulphato of niootine, leaving undissolved 
the sulphate of ammonia. The pure sulphate, distilled with potash, 
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yields pure nicotine, which appears as an oily, limpid, colourless 
liquid, having a weak smell of tobacco. Its Sp. G. is 1*(M8. It 
is decidedly alkaline, and mixes with water, alcohol, and ether. 
It is highly poisonous. With aoids it forms salts which crystallise 
with difficulty. The hydrochlorate of nicotine combines with 
bichloride of platinum, forming a double salt, which yields large, 
regular, orange-red crystals, of the formula Cao Hi* Ns» , 2 (H Cl, 
Pt Cla). It is probable that nicotine, besides being fouud in the 
fresh leaves of tobacco, is produced in larger quantity during the 
fermentation to which the leaves are subjected iu the manufacture 
of tobacco ; and there is also reason to believe that it is produced 
by the action of heat on tobacco, as in smoking, and that, from 
the comparative simplicity of its formula, it will be found among 
the products of the distillation of organic compounds containing 
nitrogen. 

The Comte de Bocarme, lately executed for the murder of his 
wife’s brother, poisoned him by pouring into his mouth Nicotine, 
of which he had prepared, it is said, several pints. 

According to Kekule and Planta, nicotine represents two 

molecules of ammonia j in which H3 is replaced by the 

group C10 II7. It is no doubt from this peculiar constitution 
that nicotine does not yield compounds analogous to amides and 
anilides. 

The salts of nicotine, especially its double salts, crystallise well. 

Iodonicotine , 2 O20 Hu Na -f la is formed when ethereal sections 
of iodine and nicotine are mixed. It forms line ruby-red iWcular 
crystals, fusible at 212°. It is a base, and with hydroehlorfo acid 
forms a salt, which crystallises in line scales of a pale ruby-red. 

As in nicotine, the 3 cq. of hydrogen of ammonia are all replaced 
by the group C10 II7 , so we cannot obtain any volatile imido or 
amide bases by substituting ethyle, methyle, &o., for hydrogen. 
But we can obtain ammonium bases by adding methyle to nicotine, 
forming a group like ammonium or tetrethylium. 

Hydrated oxide of Mcthylonicotium , N g* j 0, II 0, is 

formed when iodide or bromide of methyle acts on nicotine, and the 
iodide or bromide of mcthylonicotium thus formed is decomposed by 
oxide of silver. The hydrate does not crystallise, but forms a 
viscid mass, soluble in water, caustic, alkaline, and very bitter. 
Its salts are soluble. 

Hydrated Oxide of Ethylonicotium N jj* j 0, II 0, is 

formed like the precoding base. This baso forms' a radiated 
crystalline mass, very soluble in water, alkaline, caustic, and 
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bitter, attracting carbonic acid from the air, as docs also the pre- 
ceding one. In short, both of them, like Hofmann’s ammonium 
bases, very much resemble caustio potash, and are at the same 
time bitter like quinine. 

Hydrated Oxide of Amylonicotium, N jjjj® j 0, H 0, is 

obtained like the two preceding bases, and has similar characters. 

It will be seen, that while niootine itself represents a double 
molecule of ammonia, the Ha of each alone being replaced by the 
group Cio H 7 , in these new bases, this group occurs singly. This 
is ascertained by the neutralising power. Cao Hi* N» (Nicotine) 

neutralises as much acid as 2 N Ha ; but N ^ ^ 0, H 0, or 

Ci* Hn N 0, n 0, the hydrated oxide of ethyloniootium, neutra- 
lises the same weight of acid as N Ha or N IU O, H 0. 

Coniine . Syn, Conia , Cio His N. This base occurs in the 
hemlock, Conium maculatum , and is extracted by a process quite 
analogous to that above described for nicotine. It is also an oily 
liquid, boiling at 338°, highly poisonous, and easily decomposed . 
Its taste and smell aro both very acrid and disagreeable, and 
somewhat analogous to those of niootine. Its salts are acrid and 
poisonous, crystallising with difficulty. As it is the active 
principle of the conium, coniine, either pure or as a salt, ought 
to be used instead of the extract or tincture, which are very 
variable, 

Keknle and Planfca have shown that the coniine, extracted from 
heml^fe, is a mixture of two or more homologous bases, namely, 
coniine, Cis His N ; methyloconiine, Ci« H 17 N ; and perhaps 
e thy lo con iino, C 20 Hi® N. Both the two latter bases may be 
formed from coniine, and as they are still homologous with 
N Ha and volatile, it is clear that coniine has not, like nicotine, 
all the 3 eqs. of hydrogen replaced, but only part of them ; 
according to Kekuld and Planta, 2 eqs. are replaced by the group 
Cio Hu. The new bases are therefore nitryle bases, like ethylo- 
dimethylamine and others, while coniine is an imide base. 

The salts of coniine are soluble, but do not in general crystal- 
lise easily. 

Coniine appears to form substitution-products with chlorine and 
bromine, which crystallise, but are not well known as yet. 

Methyloconiine, j = Cxs Hit N, is found in the coniine 

of commerce, and may be obtained by tho action of iodide of 
meSfcyle on coniine, or by that of heat on hydrated oxide of 
©thylomethyloconium . It is very similar to coniine. 

EtKyhconiine , N j = Cao Hio K. This base, which 
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may perhaps occur with the two preceding, in some specimens of 
coniine, to judgo by the discordant results of the analyses made 
when coniine was supposed to occur alone, is best procured by 
the action of iodide of ethyle on coniine. It is a basic oil, very 
like coniine. Its salts also are analogous to those of coniine and 
methyloconiinc. 

Cio Hi* ^ 

Hydrated oxide of ethylomethyloconium N Ca II 3 >0,110=: 

C* II 5 ) 

Caa Ha3 N O 2 . This ammonium base is formed when iodide of 
ethyle acts on metliyloeoniine. The iodide of ethylomethylo- 
coDium thus formed, yields splendid crystals, and the solution of 
these acted on by oxide of silver, gives the hydrated oxide, 
which does not crystallise readily, but is very alkaline, caustic, 
and bitter. When heated, it yields water, olefiant gas, and 
methyloconiinc, 

CioIIi* \ 

Ihi dr tiled oxide of dicthyloconrum , N C* Ha 0, H0 = C 24 

C* II 5 ) 

Hao N Oa . This base is formed like the last, by acting on ethylo- 
coniine by iodide of ethyle, and decomposing the iodide with 
oxide of silver. The hydrate is very alkaline, caustic, and 
bitter, and is resolved by heat into olefiant gas, water, and 
ethyloconiine. 

We see that in nicotine,' the group Cio H 7 replaces H 3 , whether 
Cio II? be a single or a triple group, as for example (Ca H, C* 
H*,C*Ha); while in coniine, the group Cio Hi* replays Ha, 
whether Cio TTi* be single, or double, as (Cio H 7 , Co Hz) or some 
other combination. Consequently nicotine is a nitryle base, like 
trimethylamine, and coniine an imide base, like dimethylamine. 

Sparteine , Cio His NT. This base occurs in broom (Spartium 
scoparium). It is a rather rancid oil, of a very bitter taste. It 
is decomposed by hot nitric acid, yielding when chloride of lime 
is added to the product, chloropiorine. Boiling hydrochloric acid 
decomposes it with an odour of mice. Its salts are little known. 
(Stenhouse.) 

The three bases just described are the only natural bases belong- 
ing to the strongly -marked group of volatile oily bases. But 
several artificial compounds are known, which belong to this 
group. These have beeu described in their proper place, and it 
will be seen that their analogy to nicotine and coniine is perfect. 

b. Bases, of Cinchona Bark, 

a . Quinine . Cso Hia N Oa , or C*o Ha* Na 0* -j - n aq. Syn, 
Chinine . This important alkaloid is found along with cincho- 
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nine, in most species of cinchona bark. It predominates in 
yellow bark, Cinchona jlava, China tegia, or C, calisaya ; and 
is obtained by boiling with an excess of milk of lime the decoc- 
tion in diluted hydrochloric acid of the bark, and treating the 
precipitate with hot alcohol, which dissolves cinchonine and 
quinine. On evaporation, the cinchonine is deposited in crystals 
and the quinine remains dissolved. Water is added, which 
causes the quinine to separate as a resinous mass. It may be 
obtained in crystals as a hydrate with 6 aq. There is another 
crystalline hydrate with 2 aq., by the spontaneous evaporation of 
its solution in absolute alcohol. It is very sparingly soluble in 
water, but very soluble in alcohol and in acids. Its solutions aro 
very bitter. When heated with hydrato of potash, it yields 
carbonate of potash, hydrogen gas, and quinoline or leucoline 
(see p. 440 et seq.) 

Quinine is decidedly alkaline, and neutralises the acids. Its 
salts, especially the sulphate, are very much used in medicine, 
especially as febrifugo and tonic remedies, in most eases very 
superior to the bark in substance. The sulphate of quinine used 
in medicine is 2 (C 40 Ha* Na O*), 2 S Oa, 2 H 0 4* Id aq. The 
acid sulphate, C*o Ila* Ns 0* , 2 S Os , 2 H 0 -f- 1* a( l*> much 
more soluble in water ; hence, in draughts, sulphate of quinine 
is generally dissolved in diluted sulphuric acid. The hydrochlo- 
rate, phosphate, citrate, and fcrrocyanpto of quinine have also 
been employed in medicine. 

Mcfhy loqutnium, C*o j N a Ow This compound, homo- 

logous with ammonium, is obtained as iodide, when iodide of 
methyle acts on quinine. From the iodide, by the usual means 
of oxide of silver, the hydrated oxide is obtained, whioh is pro- 
bably a strong base, but has not been fully described. 

JSthyloquinium , C*o j N* 0* is formed when iodide of 

ethyle acts on quinine. The hydrated oxide, prepared from the 
iodide by oxide of silver, is an energetio base, which attracts 
carbonio acid from the air. The preceding baso is said to 
resemble it, whioh is no doubt true. 

We may here mention the remarkable salt discovered by Mr. 
Herapatb, which is formed when bisulphate of quinine is dissolved 
in strong acetio acid, warming the solution, and an alcoholic 
solution of iodine added drop by drop. The mixture being 
allowed to stand in a quiet place, deposits largo hexagonal plates, 
which by reflected light are emerald green, with metallic lustre 
like the elytra of the golden beetle. By transmitted light, they 
have only a faint olive colour. If two of these plates be super- 
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posed, so that their larger diameters are at right angles, no light 
passes through, even when the crystals are no thicker than r ^th 
of an inch. This is exactly what happens with two tourmalines 
of which the axes are crossed. If polarised light be used, it 
passes through, giving to the uncovered part of eaoh plate, com- 
plementary colours, such as green aud rose-colour, while the 
double or covered part appears of a deep chocolate brown. Hence 
these crystals maybe used as polarisers and dcpolarisers, and they 
have the advantage of allowing far more light to pass through 
than tourmalines. 

The composition of this salt is C40 Ha* N 2 0* , la , 2 S O 3 , 2 H 0 
4 - 10 aq., and it may be considered as tho bisulphate of 
iodoquinine , a base composed of quinine 4 “ 2 eqs. of iodine. 
Indeed such a compound is formed when iodine is triturated with 
quinine, as an amorphous brown mass, very similar to iodocincho- 
nine. 

b. Quinidine , Om> TT 24 Na 0* 4* 4 aq. This base, isomeric with 
quinine, is obtained from what is called in commerce quinoidine, 
which is an amorphous basic substance, found in the mother 
liquors of quinine. This is a mixture of quinine and quinidine. 
The latter is much less soluble in ether than quinine, and crystal- 
lises when pure with great facility, in large rhombic prisms, 
which effloresce in the air. It differs from quinine also, in its 
action on polarised light, for quinine causes deviation to the left, 
quinidine to the right. The neutral sulphate of quinidine is like 
that of quinine, and may be used for the same purposes. 

c. Quinicine , C*o Na 0* . This base, also isomeric with 
dry quinine, is formed when the salts of quinine or of quinidine 
are heated for some time to about 248° F. It is bitter and 
febrifuge, insoluble in water, very soluble in alcohol, and causes 
deviation of the plane of polarisation to the right. It does not 
appear to crystallise. 

d. Cinchonine, Cho Hz* Na Oa. This base predominates in the 
grey bark Cinchona c.onda mine a, or C. rubiginosa , and is also 
found in large quantity, as well as quinine, in red bark, (7. 
oblongifolia. Its preparation has been above described. It 
crystallisos very readily, and is not so bitter as quinine, although 
highly febrifuge. When heated, a considerable part is sublimed. 
When distilled with potash, it yields quinoline. It neutralises 
the acids, forming crystallisable salts, which may be substituted 
for those of quinine. 

It is very important to observe that cinchonine only differs 
from quinine by 2 eq. oxygen ; and although hitherto no ono has 
suooeeded in converting one into the other, little doubt can be 
entertained that this will be accomplished in process of time* 
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fact that both yield quinoline is very interesting. Cinchonine 
yields with chlorine and bromine substitution-bases, ch loro cin- 
chonine and bromocinchortine, &c., in which 1 eq. of hydrogen is 
replaced by chlorine or bromine. 

^£fainine and Cinchonine maybe distinguished in solutions by 
adding first chlorine water, so as to make the liquid yellow, and 
then a little ammonia, which strikes a green colour with quinine, 
but not with ciuehonine. If too much ammonia have not been 
added, the green colour changes to violet on the addition of a 
little more chlorine. 

6. Cinchonidine , Cbo H 2 + Ha Oa . This base, isomeric with 
cinchonine, occurs in a bark resembling the Huamalies cinchona 
bark, also in the Cinchona bark of Maracaibo, and in that called of 
Bogota. It is extracted by the same process. It forms hard, 
brilliant, rhomboidal prisms, striated on the faces. They are 
soluble in alcohol, very sparingly soluble in water or ether. 
Both this base and cinchonine cause the plane of polarisation to 
deviate to the right. 

f- Cinchinicine , C*o II 2 * Ha Oa . This base, isomcrio with the 
two preceding, is formed by the action of heat on the sulphate 
of cinchonine. It is insoluble in water, soluble in alcohol and 
amorphous, hitter and febrifuge, causing deviation of the plaue of 
polarisation to the right. 

Bichloroc inch on ine, C*o ^* a j Ha Oa. This base in which 

chlorine replaces 2 eqs. of hydrogen in cinchonine, is formed 
when chlorine is passed through a solution of the acid hydro- 
chlorate of cinchonine. It is precipitated by ammonia, and 
crystallises from alcohol in minute prisms. It forms salts with 
aeids. 

Bromocinchonine, C*o j Ha Oa , is formed by the action of 

bromine on the acid hydrochlorato of cinchonine. It forms 
sealy crystals and produces salts with some acids. 

8e*quibromocinthonine , C*o Hf Brg HaO a , is formed along 
with the preceding base* It may bo obtained in slender acicular 
crystals, and has a feeble hitter taste, hut is alkaline. Its salts 
crystallise readily. The formula appears strange, hut it is 
intended to show that the 24 eqs. of hydrogen in cinchonine are 
here made up in the proportion of 22 J to 1J of hydrogen and 
bromine. Htf is = H22j and Br § is = Br 1* ; the latter ex- 
pressions,^ however, are never used, as being inconsistent with the 
very notion of atoms. It is not easy, however, to see how the 
fractions If and f are less inconsistent with that notion. The fact 
is, that equivalents are probably never single atoms, hut groups, 



ARICINE. 412 

and such groups may bo supposed to bo divided, which atoms 
cannot be. 

Bibromocinchontne, C*o j Na Oa is formed liko the two pre- 
ceding, using an excess of bromine. It is separated by ammonia, 
and forms pearly needles, and sometimes octohedral crystals, the 
latter being a hydrate with 4 aq. It is also basic. 

Iodocinchonine , 2 (C±o Ha* Na Oa ) -f la , is not a substitution- 
product like tho preceding four bases, but is cinchonine plus 
iodine. It is formed when tho two are triturated together. 
Alcohol dissolves the mass, and by spontaneous evaporation 
deposits, first, saffron-coloured tabular crystals of iodocinchonine, 
and then hydriodate of cinchonine. The former is insoluble in 
barley-water, which dissolves the latter. It is slightly bitter, 
soluble in alcohol and ether. 

Methylocinchonium , C40 j Na Oa, is obtained as iodide 

when iodide of methyle acts on cinchonine. Treated with oxide of 
silver, this salt yields the hydrated oxide, which is a strong base, 
soluble in water, homologous with hydrated oxido of tetra- 
methylium. " Its salts are very solublo and do not readily crys- 
tallise. 

Methylocinchonidium . This is the radical of another strong base 
isomeric with the preceding, and its iodide and hydrated oxide 
are obtained in tho same way, from cincbonidine, and resemble 
those of methylocinchonium. 

Quinine, cinchonine, quinidinc, cinchonidine, quinicine, and 
cinchoniciue, all, when heated with potash, yield quinoline, a 
volatile oily base, already alluded to. 

g . Aricine , Che Hao Na Os. This base was found in 1828, in a 
cinchona bark from Arica, in Peru, and has not since occurred. 
It is very similar to cinchonine, from which it differs in being 
soluble in ether. Aricine forms prismatic crystals larger than 
those of cinchonine. It is sparingly soluble in water, very soluble 
in alcohol, soluble in ether. It has a bitter taste. Nitric acid 
dissolves it with an intense green colour, but decomposes it. Its 
salts are very soluble, and crystallise readily. The neutral 
sulphate, however, forms, when its hot solution is cooled, a 
gelatinous mass. 

Resides the above bases, other alkaloids are said to have been 
found in different speoies of cinchona ; as pitayine , in the China 
pitaya } chinovme in the China nova , another alkaloid in the China 
of Carthayena, blanquinine in the China hlanca , which is the bark 
of Cinchona ov folia and C, macrocarpa ; and cinchovatine in 
Cinchona ovata . This last crystallises well, and forms orystallisable 
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salts . It has been analysed, and the results lead to the formula 
C«o II 20 Na 0 8 , so that it is the same as aricine. 


c. Bases of the Papavei'acccr. 

a . Morphine . Csi Hie N O fl -f 2 aq. This alkaloid occurs in opium, 
which is the inspissated juico of Pupnver somniferum. Perhaps the 
easiest method of extracting it is the following. The soluble part 
of opium is extracted by water, and the concentrated infusion is 
mixed with solution of chlorido of calcium, this salt being added 
in slight excess. On standing, especially if warmed, the mixture 
deposits a copious brownish-grey precipitate of mixed meconato 
and sulphate of lime (tho morphine being in the opium partly as 
meconate, partly as sulphate), while hydrochloratc of morphine 
remains in solution with a very large proportion of dark brown 
colouring matter. The brown solution is evaporated till, on 
cooling, the hydrochloratc crystallises, forming a nearly solid 
mass, which is subjected to very strong pressure in flannel. A 
thick, viscid, nearly black mother-liquor is thus expressed, which 
contains all the narcotine and colouring matter. The squeezed 
mass or cake of hydrochloratc of morphine is of a fawn colour. It 
is redissolvcd in hot water, filtered if necessary, and rccrystal- 
lised, so much water being used, that on cooling a somisolid mass 
is obtained. This is again squeezed out, and if tho squeezed 
cake is not quite white, it in only necessary to repeat the opera- 
tion. A little animal charcoal in the second, or hotter still in the 
third, crystallisation, assists in removing the last traces of colour. 
The second and third mother liquids, although coloured, are not 
to be thrown away, hut should he added to the solution of a fresh 
portion of opium, so that the small quantity of hydrochlorate 
which is retained in solution shall not be lost. In crystallising 
hydrochlorate of morphine, the liquid should always he acidu- 
lated with hydrochloric aoid (after the animal charcoal is 
separated), because in this way very little indeed 4s retained in 
solution. 

The purified hydroclilorate, which still retains about ^ of 
codeine, is now dissolved in hot water, and supersaturated with 
ammonia; on cooling, the morphine is deposited as a snow-white 
crystalline powder, whioh may be crystallised by means of hot 
aloohol. Tho codeine, with some of tho morphine, remains in the 
mother-liquor. 

Morphino forms hard transparent brilliant crystals, almost 
insoluble in water, soluble in hot alcohol, insoluble in ether. It 
is decidedly alkaline, neutralising acids, and forming cryatailisable 



BASES OF THE PAPAVBRACEiE. 419 

salts. All its solutions are bitter, and act as narootio poisons. It 
is coloured red by nitrio acid, and brownish red by iodic acid ; it 
also strikes a deep blue with perchloride of iron. 

The salts of morphine are much used in medicine, especially 
the hydrochlorate, the acetate, and the sulphate.^ A solution of 
any of these salts, of five grains to the ounce, may be adminis- 
tered in the same dose as tincture of opium (laudanum). The 
hydrochlorate or muriate is prepared as above described, und 
is used in the state in which it is obtained by repeated crystal- 
lisation, containing ^ of its weight of a mixed hydrochlorato 
of morphine and codeine, which has much tho same action. The 
acetate and sulphate aro best made directly by dissolving in 
acetic and sulphuric acids the precipitated morphine till they are 
neutralised, and then evaporating. 1 lb. of good opium yields 
1^ oz. of hydrochlorate of morphine. These salts are most 
valuable anodynes, and do not derange the stomach nearly so 
much as an equivalent dose of laudanum ; hut they do not act so 
decidedly in producing sleep as in allaying pain and irritation ; 
at least the sleep they induce does not como on so soon as in the 
case of laudanum, Tho patient, however, even when he does not 
sleep, feels refreshed, almost as if he had slept, and on the whole 
the preparations of morphine arc preferred by tho physician, 
and have, in this country at least, nearly banished the use of 
laudanum. The black drop contains impure citrate of morphine. 
When morphine is acted on by sulphuric acid, it yields a com- 
pound, sulpha morph ule, said to be analogous to sulphamide, but 
not yet fully studied. When heated with potash, morphine yields 
some of tho volatile bases of the series of ethylamine, at all , 
events one of these, methylamine, and, it is said, also propy- 
lamine. 

When boiled with iodine, morphine is converted into a brown 
amorphous substance, soluble in hot acids or alkalies, and depo- 
sited as the solutions cool. This is Iodoinorphine, which is said 
to consist of 4 eqs. morphine and 3 eqs. iodine, a very doubtful 
formula. The analysis gave 4*o per cent, too little iodine, lodo- 
morphine, acted on by mercury, yields protoiodide of mercury, 
and a buff amorphous body, containing iodine, the nature of which 
is uncertain. 

With the iodides of methyle and etliyle, morphine yields am- 
monium bases. 

The iodide of methylomorphium , Co* j I 4* 2 aq., 

is a crystalline power, very soluble in hot water, which deposits it 
on oooling in rectangular prisms. With oxide of silver, the salt 
yields iodide of silver and a brown amorphous mass, probably 

E E 2 
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hydrated oxide of methyloraorphium. It is, however, aotcd on by 
iodide of methyle, which we should hardly expect. Perhaps some 
of the hydrogen in the morphine it contains is replaced by 
methyle. 

The iodido of ethylomorphium , Cs* ^ | NOo > I + aq. re- 

sembles the preceding compound. With oxide of silver it yields 
iodide of silver, and a brown caustic alkaline solution, probably 
of the hydrated oxide of ethylomorphium, which dries up into a 
brown amorphous mass. 

b. Codeine y Cao Hai NOo -f 2 aq. — This alkaloid is obtained as 
above described, from the mother-liquor of the precipitated mor- 
phine, which, being evaporated, deposits a mixed hydrochlorate of 
morphine and codeine. This salt being purified, is acted on by 
potash, which dissolves the morphine, while the codeine is left 
as a viscid mass, which soon becomes hard and crystalline. It 
is purified by solution in ether or in water, both of which 
solvents leave tho morphine, which may bo mixed with it, 
undissolved. The ethereal solution, by spontaneous evaporation, 
deposits it, especially if a little water bo added, in fine anhydrous 
prisms; the aqueous solution gives largo octohedral crystals, 
which are a hydrate, with 2 eqs. of water. 

Codeine is a powerful base, forming neutral salts with acids. 
Its solutions are bitter, and would seem to have an anodyne 
action on the system ; but in some circumstances they appear 
to excito intolerable itching on the whole skin. It is therefore 
possible, that the itching caused in some persons by opium, 
and by the commercial muriate of morphine, proceeds from 
codeine. 

Codeine, when dissolved in excess of moderately strong sul- 
phurio acid, is converted into amorphous codeine, without any 
change in composition. If the action be longer oontinued, there 
is found a new body, sulphocodeide, possibly analogous to an 
amide. 

With diluted nitric aoid, codeine yields tho substitution base, 
nitrocodeine , Caa j NOe. It forms Bhining yellowish or 

fawn-coloured crystals, and gives crystalline salts with acids. 
With sulphuret of ammonium, nitrocodeine yields a new base, 
probably Cao Haa Na 0 0 . With bromine, codeine yields the base 
bromocodeine , Caa H 20 Br NOa, in small white crystals; and 
another compound, tribromocodeine , Cso His Br 3 N Oa, which 
seems to be amorphous, and feebly basic. With chlorine, codeine 
forms chlorocodeine , Cso Hao Cl NOa, best obtained by the 
action of chlorate of potash on a solution of oodeine in diluted 
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hydrochloric acid. It much resembles bromocodeine, and its salts 
also resemble those of that base. With iodine, codeine forms a 
very remarkable compound, which is not a substitution-product, 
but resembles iodoquinine in composition, and contains iodine and 
codeine. It contains 1 eq. codeine and 3 eqs. iodine, and its 
crystals belong to the doubly oblique system. They are very 
large, exhibiting two colours, and havo lately "been fully 
described. AVith cyanogen, codeine yields , the compound 
dicyanocodeine , in shining crystals. Its formula is Cto II 21 Na 
Oa = 0*30 II 21 NO<i 2 Ca N. It belongs, therefore, to the same 
class of bodies as oyonilino, oyanotoluidine, and cyanoeumidine, 
and is not a substitution-product. 

Heated with bases, codeine yields ammonia, methylamine, 
propylamine, and a volatile crystalline base, not yet examined, 
but probably one of the bases of the methylamine series higher 
in the scale. When codeine is acted on by strong nitric acid, a 
resinous-looking acid is obtained, which, when heated with a 
solution of potash, yields volatile bases in abundance. For all 
the above details concerning the products derived from codeine, 
we are indebted to Dr. Anderson. It will be seen that they 
establish a great resomblanco to, and connection with, the 
artificial bases, more particularly in the action of cyanogen, and 
in the fact that codeine, like the oxygenised artificial bases, yields 
volatile non-oxygenised bases when decomposed by heat. 

The iodide of ethylocodium , C30 j NOa, I, is obtained by 

the action of iodide of ethyle on codeine, aided by heat. It is solu- 
ble, and crystallises in fine needles. Acted on by oxide of silver, 
it yields a caustic alkaline solution, which attracts carbonic aoid 
from the air. This is probably the hydrated oxide of ethylo- 
codium, and like the corresponding base of morphine, it is 
aoted on by iodide of ethyle, the action being apparently 
complex, 

The resemblance of codeine to morphine, in its chemical rela- 
tions, is very great, and a glance at the formula) here given for 
these bases will explain this ; for these formula) diller only by Ca Ha , 
or, in other words, are homologous. It appears, however, that 
morphine is not converted into codeine by the action of iodide of 
methyle, as methylamine is into dimethylamine. It is therefore 
probable that the homology exists in the group or groups replacing 
the 3 cq. of hydrogen, and that methyle is not, directly at least, 
one of these groups, in codeine. 

c. Papaverine, (Uo H21 NOs. This is a new crystalline base, 
discovered by Merck in opium. It is little known, but seems to 
be related to Tkebaine, (which see). 
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Porphyroxine , also discovered by Merck in opium, has been 
already mentioned as a neutral compound. 

d, Thebaine . This base also occurs in opium. It is nearly 
insoluble in water, soluble in alcohol and ether. Its solutions 
are alkaline, and have an acrid metallio taste. It forms crystal- 
lisable salts with acids. According to Kane, its formula is 
C 25 Hu NOa, but Anderson has shown it to be Gw Ihi NOe. 

e. P be udo morphine , C27 His NOu 1 — This base is occasionally 
found in opium. It forms shining scales. It is sparingly soluble 
in water and weak alcohol, insoluble in absolute alcohol and 
in ether. It is readily dissolved by caustic potash or soda. It is 
coloured blue by perchloride of iron. It forms salts with acids, 
which are as yet little known. 

/. Narceine , C*o H 20 NChs (Anderson). — This, which is a feeble 
base, also occurs in opium. It is sparingly soluble in water, 
soluble in alcohol, insoluble in ether. It melts at 107°. It is 
coloured blue by hydrochloiio acid, but not by perchloride of iron. 
Acids dissolve it, and form dciinite salts with it, and it appears 
probable that two, perhaps three, substances, have been described 
under this name. 

g. Narcotine, Cha Hus NOi*. — This is another weak base, found 
in opium in larger proportion than any other, except morphine. 
It may be obtained either from tho mother-liquor of muriate of 
morphia by adding ammonia, or by digesting the insoluble part 
of opium in diluted acetic acid, and precipitating by ammonia. 
Tho impure nai cotiuo is purified by solution in hot alcohol, with 
the aid of animal charcoal. On cooling, narcotine is deposited in 
crystals, which aro insoluble in water and alkalies, solublo in 
alcohol, ether, and acids. Its salts are bitter, and crystallise 
with great difficulty. 

The recent researches of Liebig, Wohler, and Blyth, and still 
more lately those of Anderson, have made known a series of 
products of decomposition derived from narcotine, when acted 
on by peroxide of manganese and sulphur ie acid, and also by 
bichloride of platinum. These our space will only permit us 
briefly to mention. 

1. Opianic acid, Cao Hio O 10 = Cao IIo Oo, II 0. This acid 
crystallises in slender prisms, and forms soluble and crystal- 
lisable salts with baryta and the oxides of lead and silver, 
and with oxide of ethyle. When melted, opianic acid passes 
into an insoluble state, its composition remaining tho same. 
Anderson has obtained the opianate of oxide of ethyle , or opianic 
ether. 

2. Opiammon, C*o His NO 10 . This compound is derived from 
2 eq. opianate of ammonia by the loss of 1 eq. ammonia and 4 eqs. 
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water. It is a pale yellow powder, which, by boiling with water, 
is converted into opianio acid and opianate of ammonia. 

3. Xanthopenic Acid . — When opiammon is acted on by alkalies, 
it gives off ammonia and yields opianate and xanthopenate of 
potash. An acid separates the xanthopenic acid as a yellow 
llocculent precipitate. It forms salts of a fine yellow colour, but 
has not been fully examined. It contains nitrogen. 

4. Opiano- sulphurous Acid } Cao He On Sa, II 0, is formed by 
tho action of sulphurous acid on opianic acid, and is produced by 
the substitution of 2 cqs. sulphurous acid for 2 eqs. water. It has 
a bitter taste, and forms crystallisablo salts. 

o. Sulphopianic Acid , C20 IIo j g ’ 7 | , H 0. This acid is formed 

by the action of sulphuretted hydrogen on opianio acid, and is, in 
fact, opianic acid, in which 2 cqs. of oxygen arc replaced by 2 cqs. 
sulphur. It is an amorphous yellow powder, which crystallises 
from alcohol. Its salts are soon decomposed, yielding sulphurets 
of the metals. 

6. Ilemipinic Acid , C20 IIs Ojo , 2 H 0. It is a bibasic acid, 
and, according to Anderson, forms an acid ether. This is a product 
of oxidation of opianic acid. The hemipinio acid crystallises in 
regular four-sided prisms. It forms insoluble salts with the 
oxides of lead and silver. 

7. Cotar nine , €20 H 13 N 0. This is a base formed along with 
opianic acid. 1 eq. narcotine, C>o lias N Oi* , and 2 cqs. oxygen 
yield 1 eq. cotarnine, C25 Hia N Go + 1 eq. opianyle, C20 II 10 Os 
4- 2 cqs. water, 2 H 0. 

Cotarnine forms a deep yellow radiated mass, soluble in 
alcohol and in water. It is bitter and alkaline, and forms 
crystal lisable doublo salts with the bichlorides of mercury and 
platinum. 

8. Opianyle , C20 H10 Os (Anderson). This compound is formed 
along with cotarnine, when narcotine is acted on by nitric acid so 
as to be gently oxidised. It forms lino needles, soluble in alcohol 
and ether. When its solution in oil of vitriol is hoated, it becomes 
deep purple. It is related to opianic acid and hemipinio acid, 
thus : — 

Opianyle ...... C20 II 10 0# 

Opianic Acid ..... Oso H10 O10 

Hemipinio Acid .... Cao H*o O12 

Anderson has also described a hydrate of opianyle, C20 Hu Oo 
= Cao II, o Os, HO. 

Narcotine may be regarded as formed of cotarnmo plus a body 
C^o Hia 0» , which would bo a hyduret of opianyle, C20 H10 Os } 
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H* . This very easily explains the action of oxidising agents in 
producing from narcotine, opianio acid, hemipinio acid, opianyle, 
and eotarnine. 

9. Teropiammon , Ceo N H*« Om (Anderson). This compound 
is formed when narcotine is oxidised by nitric aoid of moderate 
strength. It is derived from 3 eqs. of opianio acid and 1 of 
ammonia, 4 of water being separated. It forms small white 
needles, sparingly soluble in any solvent. Its solution in oil of 
vitriol becomes crimson red when heated. 

10. Ilumopinic Acid is a dark brown humus-like acid formed 
by the action of heat on narootiuc. Its composition is not csta* 
blished with certainty, but resembles that of other similar bodies. 
It contains no nitrogen. 

11. Apophyllic Acid y Ci» N H7 Os (Anderson). This is a pro- 
duct of decomposition of cotarnino. It forms crystals Aery like 
those of apophyllite and equally cleavable. When heated it yields 
an oily liquid, said by Wohler to be quinoline, but according to 
Anderson, isomeric either with aniline, or with antliranilio acid, 
as it cannot be quinoline. 

When nitric acid acts on eotarnine so as to form apophyllic 
acid, several other substances are produced, which are not yet 
fully known. Among them, however, Anderson has found ethy- 
lamine and mcthylamino, and has reason to think that other bases 
of the same series, but higher in the scale, also occur. 

12. Narcogenine , Cso Ifi» N O10 , is formed, along with opianic 
acid, when narcotine is not so far oxidised as to yield eotarnine. 
2 eqs. narcotine with 5 eqs. oxygen yield 2 eqs. narcogenine, 1 eq. 
opianio acid, and 3 eqs. water. It forms a orystallisable double 
Salt with bichloride of platinum, but when separated, it is resolved 
into narcotine and eotarnine. 2 eqs. narcogenine with 2 eqs. 
oxygen contain the elements of 1 eq. narcotine, 1 oq. eotarnine, 
and 1 eq. carbonic acid. 

13. Narcotinic Acid . When narcotine is hoated vpth potash 
it forms a soluble compound which contains an acid, apparently 
isomeric with narcotine, or differing from it only by 1 or 2 eqs. 
water. When this acid, which is called narcotinic acid, is 
separated from its salts, it rapidly passes into narootine, so that 
it is unknown in a separate form. Its atomic weight seems to bo 
half that of narcotine, so that 1 eq. narootine probably forms 
2 eqs. of the acid. 

Such is a very brief and imperfect acoount of the results 
of the recent researches of Wohler, Blyth, and Anderson, on 
narcotine. They are of very groat importance as indicating a 
method which may lead to the discovery of the true constitution 
of the alkaloids. 
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Wertheim has recently observed the occurrence in opium of 
three narcotines, homologous with one another, as follows: — 

Methylonarcotine .... Cu N Ou 
Ethylonarcotine .... C*u N Has Oi» 
Tropylonarcotine . . . C48 N H27 On 

The difference at each step is Ca Ha , and as we have seen 
that methylamine, ethylamine, and perhaps propylamine, may be 
obtained from narcotine, it is probable that these bases are 
constituents of these three narcotines. Ethylonarcotine, it will be 
Steen, is tho substance wo have described as narcotino, but like all 
contiguous homologous compounds, these nareotinos resemble 
each other so muoli as not to be easily distinguished or separated 
from one another. 

h. Ch elidon ine t # Cho H20 Na Oo . This alkaloid occurs in Cheli- 
tlonium mqju along with chelerythrine. It is bitter, insoluble in 
water, and alkaline, forming cry stall isable salts. 

i . Chelerythrine , found in the same plant, forms a grey powder, 
which excites violent sneezing. With acids it forms red salts, 
which are narcotic and poisonous. 

k. G hui cine. This alkaloid occurs in the leaves and stem of 
Glaucium lutemn . It may be obtained in pearly scales ; its taste 
is bitter, and acrid, and it forms salts with acids. Its composition 
is not yet ascertained. 

l . Glaneopicrine is found in the root of the same plant. It is 
bitter and forms salts of a bitter and nauseous taste. Its 
composition is unknown. 


d. Alkaloids of the Solanacem, the Strychneiv , and other Vegetable 
Families. 

a . Hyosey amine . — This base is found in Hyoscyamm niger and 
other species of hyoscyamus. Its composition is not yet known. 
It is extracted from the seeds by a diilloult and tedious process, 
and may also be obtained, although with much loss, by distillation 
with potash, like eonicine. It is very prone to decomposition 
when in oontact with mineral alkalies. It crystallises, when 
pure, in radiated groups of needles, hut sometimes forms a viscid 
amorphous mass. When moist it has a stupefying smell like that 
of tobacco. It is very poisonous, causing, like coniine, tetanio 
spasms. It dilates the pupil powerfully. It is fusible and volatile, 
but is partially decomposed when distilled. It dissolves in water, 
alcohol, and ether. It neutralises the acids, forming crystallisable 
salts, which are very poisonous. The fact that it is volatile, and 
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has a smell analogous to that of nicotine, suggest the idea 
that it may be a true volatile base, of the class of nicotine, 
representing ammonia, but high in the soale, and probably con- 
taining no oxygen. 

b, Daturine . This base is obtained from the seeds of Datura 
Stramonium . It is, in preparation and properties, very analogous 
to hyoscyamine. It is, however, less soluble in water, and crys- 
tallises in fine brilliant prisms, from its alcoholic solution. It is 
fusible, volatile, and very poisonous, dilating the pupil. Its salts 
are orystallisablo and very poisonous. Its precise composition is 
unknown, but it is now said to bo identical with atropine. 
Possibly it may bo only homologous with that base. 

e. Stramonine . — This is another crystalline compound found in 
Stramonium . It is crystallisable, volatile, soluble in alcohol and 
ether, insoluble in water. Its nature is uncertain, and its com- 
position unknown. 

d . Atropine y Cs* Haa N Oe . This alkaloid is the active principle 
of Atropa Belladonna . It is obtained like daturine, and being 
equally prono to decomposition, much is always lost. It is 
sparingly soluble in water and ether, more soluble in alcohol. 
It crystallises in white silky prisms, and sometimes forms an 
amorphous muss like glass. It is very bitter, acrid, and poisonous, 
dilating tho pupil like hyoscyamine and daturine. It is fusible 
and volatile, and neutralises acids, forming salts which are bitter, 
acrid, and poisonous, and which crystallise. These salts, from 
their very powerful action in permanently dilating tho pupil, 
are very w ell adapted for medical use, being much more uniform 
than the extract. 

e. Solanine y CW lies N Oas ? This alkaloid occurs in many 
species of Solatium , as in S. nigrum, S. dulcamara , and in tho 
potato, S . tuberosum . In the latter it is found in large quantity, 
especially in the shoots, when the tubers have germinated in 
dark cellars. The shoots are extracted with dilute sulphuric 
acid, and the solution precipitated while hot by ammonia. The 
precipitate is purified by solution in alcohol. It forms a crystal- 
line powder, very bitter and acrid, and highly poisonous, but not 
dilating the pupil. Its salts do not crystaliiso readily. There 
is some reason to suspect that the alkaloid of the shoots of 
potatoes may be distinct from that of tho bitter-sweet, Solatium 
dulcamara . 

/. Veratrine , C34 II21 N Oo ? This alkaloid is found in Vera- 
trum Sabadilla y V . album , &o. It is extracted as atropine is, and 
is generally obtained as a crystalline powder, nearly white, very 
acrid and poisonous, exciting, when introduced into the nostril, 
violent and even dangerous sneezing. It is insoluble in water, 
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but very soluble in alcohol, and may be obtained by the sponta- 
neous evaporation of its alcoholic solution, in prismatic crystals 
several lines in length. It is coloured red both by nitric and 
sulphuric acid. 

Veratrine, in the form of tincture, and still more in that of 
ointment (1 drachm, or ,} drachm to 1 oz. of lard), is now much 
used as an external application in neuralgia and obstinato rheu- 
matic pains. Its effects in many oases are highly benelicial. In 
making the ointment, the veratrine should first be rubbed with 
a few drops of alcohol to au impalpable powder, and the lard 
then added. If this bo not done, the gritty particles of vera- 
trine in the ointment cause so much irritation when rubbed into 
the skin as to prevent its use lor any length of time. We are 
indebted chiefly to Dr. Turnbull for our knowledge of the valuable 
properties of this alkaloid. 

(j. Sabadilline . This namo has been given by Couerbe to a 
second crystalline body found by him along with veratrine. It 
is alkaline, soluble in hot water, insoluble in ether, and forms 
crystal Usable salts with acids. Couerbe states its formula to be 
Cw Ilia N Os ; hut, according to Simon, it is a compound of 
veratrine with resin, containing also resiuate of soda. 

h . Colchicine. This alkaloid is similar to veratrine, for which 
it was formerly taken. It is found in Colchicum aidnmnale . It 
is erystaUisable, bitter, aud very poisonous. Nitric acid colours 
it blue or violet. It is soluble in water, alcohol and ether. Its 
salts are crystallisable, bitter, acrid, and poisonous. They might 
probably bo used in medicine advantageously, instead of tho 
very uncertain preparations of colchicum which arc at present 
employed. In a very small dose, colchicine causes purging and 
vomiting. Its composition is unknown. 

i. Aconitine , Coo ID 7 N On ? This alkaloid, the exact compo- 
sition of which is unknown, is found in Aconitum Napellm } and, 
probably, also in A. ferox and other species. It is obtained by the 
usual method, but, being very prone to suffer change, much is lost. 
It forms a crystalline powder, or occasionally a vitreous amorphous 
mass. It is in the highest degree bitter, acrid, and poisonous, and 
is said by Geiger to dilate the pupil. On the other hand, the 
plant contracts the pupil and causes numbness of the parts to 
which it is applied ; and Dr. Turnbull has obtained an aconitine 
possessing these properties in a very high degree. Either, 
therefore, there arc two bases in the aconite, or, as is much more 
probable, the aoouitine of Geiger, having an action different from 
that of the plant, is a product of decomposition, while that of 
Turnbull is unchanged. 

Turnbull’s aoouitine is an invaluable remedy in the same painful 
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diseases in whioh veratrine is employed. It is, unfortunately, 
obtained in small proportion, and as yot is very expensive. A 
cheaper and more productive method of preparing it is a very 
great desideratum. 

k. Delphine y C 27 Hid NOa? This alkaloid, analogous to vera- 
trine, is found in Stavesacre, Delphinium Staphy&agria . It has only 
been obtained hitherto as a yellowish-white powder, not crys- 
tallised, very acrid, and poisonous. It forms neutral salts, 
hitherto little examined. It may bo used in the same affections 
and in the same manner as veratrine. 

l. Staph isinc . This is a substance found along with delphine, 
and said to be C 39 Has N O* . It is acrid aud poisonous, but is 
probably only a compound of delphine. 

7)i . Emetine , C 37 11*7 N O 10 ? This is the active principle of 
ipecacuanha, the root of Cephaelis Ipecacuanha . When pure, it 
is a white powder, alkaline, soluble in alcohol and in hot 
water, insoluble in ether. ^ of a grain acts as an emetio. In 
a dose of from 2 to 1 grains it is poisonous. Its salts do not 
crystallise. 

n. Chiococcine , and 0 . Violine are two very similar alkaloids, 
found in Chiococca ramosa and Viola odorata. They are supposed 
by some to be emetine disguised by a little foreign matter. 

p. Strychnine , Ha* N a 0* . This alkaloid is found in nux 

vomica, the seeds of Strychnos nux vomica , in St. Ignatius’s 
bean, the seed of S. Ignatii , in the wood of &. coluhrina f and in 
the poison called Upas Tieut4 } derived from S. TieulL It is 
extracted by decoction with dilute sulphuric acid, precipitating 
the decoctiou with milk of limo, and acting on the precipitate 
after washing it with cold alcohol, by boiling alcohol, which on 
cooling deposits the strychnine in very regular transparent 
brilliant crystals. If brucine is present, it remains chiefly in 
the mother liquid, but the two bases may be separated by 
converting both into nitrates, and crystallising ; tho nitrate of 
strychnine crystallises readily, while the nitrate of bruoine 
remains dissolved. 

Strychnine is very insoluble, requiring 7000 ports of water. 
It is so bitter, that 1 part gives a very strong and persistent 
bitter taste to 40,000 parts of water. It dissolves in hot alcohol, 
although sparingly if the alcohol be pure, and is insoluble in 
ether. When pure it is only coloured yellow by nitric acid ; a 
trace of brucine causes it to be reddened by that acid. It forms 
crystallisable salts, which are intensely bitter. Their solutions 
are precipitated white by alkalies, by tincture of galls, and by 
iodide of potassium, in white crystals by sulphooyanide of 
potassium, and as yellow powders by solutions of gold and 
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platinum. When heated with bases, strychnine yields the 
volatile base quinoline already described. 

Strychnine and its salts, especially the latter, from their 
solubility, are most energetic poisons. They produce spasmodic 
motions, and are used in very small doses as remedies in 
paralysis ; they seem to have a specific action on the lower part 
of the spinal column. The average dose is of a grain. In the 
event of an overdose, the best antidote is infusion of galls or 
strong tea, which also contains tannine. 

With chlorine and bromine, stryohninc yields the substitution 
products, chlorostryohniue, a base ; trichlorostrychnine, a neutral 
substance ; and bromostryclminc, a base. With iodine it forms, 
like quinine or codeine, a peculiar compound in which 4 eqs. of 
strychnine seem to be united to C of iodine. It forms orange- 
coloured scaly crystals, which are decomposed by acids, strychnine 
being reproduced. 

q. Brucine , Cut Hao Xa Os . This alkaloid occurs along with 
strychnine in nux vomica, and also in the false angustura bark, 
the bark of Brucia antidysenterica. It is prepared as strychnine. 
Besides the methods above mentioned for separating the two 
bases, there is another, which is, to boil the mixture with water 
as long as it dissolves brucine, or till the strychnine is no longer 
reddened by nitric acid. Brucine forms large transparent crys- 
tals, which I have found to become opaque in closely stopped 
phials. It is very bitter and poisonous, but much less so than 
strychnine. It may bo used for the same purposes in a rather 
larger dose. It is reddened strongly by nitric acid, and the red 
solution becomes violet on the addition of solution of tin. It is 
thus distinguished from strychnine and morphine. Its salts, for 
the most part, crystallise with facility. 

With bromine, brucine forms a substitution base, bromobrucine. 
With iodine it appears to yield two compounds, one of which 
contains 4 eqs. of brucine and 6 eqs. of iodine, the other 2 eqs. 
of brucine and 6 eqs. of iodine. 

Nitric acid decomposes it, producing a new compound, cacothc - 

line, C*o | Na Oio , along with nitrite or hyponitrite of 

oxide of metliyle, oxalio acid, water and deutoxide of nitrogen. 
The production of oxide of metliyle in this action, would seem to 
render it probable that metliyle exists, as such, in brucine. 

r, Jervine , Coo 11*5 Na Oa . This alkaloid is found in white 
hellebore, Veratrum album , along with veratrine, from which it 
is separated easily, as it crystallises first from the alooholio 
solution ; and its sulphate is far less solublo than that of vera- 
trine. It forms a crystalline powder, fusible, insoluble in water, 
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soluble in a^ohol, and forming with sulphuric, nitric, and hydro- 
oblorio acids, very sparingly solubio salts, so that tho solution of 
the acetate is precipitated by these three acids. 

s. Curarine, This alkaloid is obtained from the South 
American poison called curari , which is derived from some 
plant of the family Strychnere. It is a deadly poison when intro- 
duced into a wound, hut may be swallowed with impunity. The 
curarine forms a yellowish amorphous bitter mass, which is more 
poisonous than the curari which yields it. Its salts are bitter, 
but do not crystallise. 

t. Corydaline , (V TIaa N Oio ? Found in tho root of Cory dal is 
bulbosa and C. fabacea . It forms a light givy powder, very 
soluble in alcohol, which deposits it in crystals. It is reddened 
by nitric acid, and forms cry st alii sable salts with aeetio and 
sulphuric acids. 

u. Car a pine. Found in Cara pus Cuiancnsis. It is a white 
pearly fusible powder, very bitter, soluble in A\ator and alcohol, 
insoluble in ether, forming crystallisablo salts with hydrochloric 
and acetic acids. 

f\ Cu spa vine. Found in the true angustura hark, that of 
Bonjdandia trifolia fa or Caspar ia fehrifuya. It forms fusible 
octohcdral crystals, sparingly soluble in water, very solubio in 
alcohol. 

w. Daphnine occurs in the hark of Daphne quidium and 
2). rnezereon . It is obtained by distilling tho infusion with mag- 
nesia. It is alkaline and acrid, and forms crystallisablo salts 
with nitric and sulphuric acids, according to Yauquelino. Baer 
and Gmclin could not obtain it. 

x . Bebeerine is the active principle of tho bark of the beheeru 
tree of Guiana, which seems to be analogous to quinine. It has 
not been obtained crystallised, but Yon Planta has obtained it 
as a snow-white powder, strongly baric, tho salts of which do not 
crystallise. Bebeerine and its salts are bitter and highly febrifuge. 
Yon Planta has shown that its formula is C 3 s H 2 i N Oo, and that 
it is not, as was supposed, isomeric with morphine. 

y. Sanguinarine is found in Sanyuinaria Canadensis, It forms 
a grey powder, which is alkaline and yields rod salts. It excites 
sneezing, and is possibly identical with chelerytbrino. 

s, Azadirine> found in Male a azadirarhta , is alkaline, forms a 
crystallisablo salt with sulphuric acid, and is powerfully febrifuge. 

aa, Capsicine is the active principle of the capsules of Capsicum 
annuum or cayenne pepper. It has a resinous aspect and a 
burning taste, but vhen quite pure may be crystallised. It 
forms crystallisablo salts with acetic, nitric, and sulphuric acids. 
It is soluble in alcohol, insoluble (when pure) in ether and in water. 
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hb, Crotonine occurs in the seeds of Croton tiglium , and may 
be obtained from croton oil by boiling it with water &nd magnesia. 
It forms crystals, whioh are fusible, soluble in alcohol, insoluble 
in water. It forms crystallisable salts with sulphuric and phos- 
phoric acids. 

ec . Buxine occurs in boxwood bark. It forms a bitter, brown, 
amorphous mass, soluble in alcohol, alkaline, and forming a 
crystalline sulphate. It excites sneezing. 

(id. Apyrinc . Found in Cocos lapidea . It is a white alkaline 
powder, forming crystalline salts with acids. 

ec. Cynapine . From JEthusa ct/napinm. It is crystallisable, 
soluble in water and alcohol, and forms a crystalline sulphate. 

ff. Cissampeline , or Pelosine, Cm H21 ]\ T O e , from Cissampelos 
Pareira, is a white powder, soluble in alcohol and ether ; alkaline, 
forming soluble salts, of which tho hydrochlorato crystallises. 
Its formula, as given by Eoedeker, is the same as that of codeine. 
It is probably, however, isomeric, not identical, with that base. 
It forms a hydrate with 3 eqs. of water. When exposed to light 
and air, tho hydrate is changed into a yellow base, pelluteine y 
C*a II21 NO7 . 

gg. Oxyucanthinc and Berber i no are two bitter substances 
found in the barberry, Berberis vulgaris . The former is deoidedly 
alkaline, and forms crystallisable salts, Tho latter is bitter, 
yellow, and feebly, if at all alkaline. It crystallises, and is used 
in dyeing. Its formula is C*a H10 NO10. 

hh. Surinagiine and Jamaieinc are two alkaloids, found iu 
Geoffrcca Surinamensis and G. inermis. Roth are crystallisable, 
and form crystallisable salts ; those of tho latter aro precipitated 
by tannine and corrosive sublimate. 

ii. Biperine , Cos Has Na O12. This compound is found in 
pepper, Piper nigrum and 1 \ long tun. It is very crystallisable, 
soluble in alcohol, very pungent. It is a feeble base, but does 
form salts, especially double chlorides, containing hydrochlorate 
of piperiue. 

Piperidine, C10 Iln N. When piperiue is heated with potash- 
lime, or acted on by nitric acid, it yields an oily volatile base, 
which is piperidine. It is an itnide base, 2 of the 3 eq. of 

hydrogen in ammonia being replaced by C10 IT 10, thus, N j| 10 j • 

It is probable that the group C10 Hm i& itself made up of two 
groups, each replacing 1 eq. of hydrogen. Piperidine is a strong 
base, analogous to ammonia. Its salts crystallise perfectly. With 
cyanic acid it yields' a compound homologous with urea, iu which 
2 eq. of hydrogen is replaced by the group C10 IIio, or, as it may 
be called, piperyle. This compound is called piperylurea. With 
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the cyanate of methyle and ethyle, piperidine yields two other 
ureas, methylopiperylurea aid ethylopiporylurea. All these ureas 
crystallise beaud^lly. . With the iodides of methyle, ethyle, and 
amyle, piperidine yields nitryle bases, which are methylopiperi- 

dine, N j ; ethylopiperidine, N j ; and am ylo pi- 
peridine, N | . These all resemble piperidine more or less. 

The two iirst of these three new bases acted on by iodide of 
metjhyle and iodide of ethyle, give rise to two ammonium bases; 

ClO II 10 \ 

hydrated oxide of dimethylopiperidium, N C* II3 > 0 , HO ; and 

O2 H3 ) 

C10 Hio \ 

hydrated oxide of diethylopiperidium, N C* IIs > 0 , HO. These 

C* He ) 

bases resemble tho ammonium bases already described. The 
iodide of dimethylopiperidium forms brilliant crystals ; that of the 
ethyle compound has not been obtained crystallised. 

Piperidine also forms other compounds, such as piperylosulpho- 
oorbamic acid, which is obtained united to piperidine in the form 

of very fine crystals, Cm Hm N. S* = g" J, s j . 

Cahours has also obtained piperylbenzamido and piperylcum- 
inamide, the former of which is amide, in which 1 eip of hydrogen 

is replaced by benzoyle, the other by piperyle, N ^ | = 

Cm, H10 NOa. The latter is analogous in composition, cumyle 

being substituted for benzoyle, N j = Cao Hai NOa . 

Both form tine crystals. 

Menispermine and Paramenifpermine arc found in Coccidua 
indicus, the seed of Mtnispcnnum cocculus . Menispermine is 
white, fusible, cryatallisable, and forms salts, of which the 
sulphate crystallises. Its formula is Cia II12 NOa . 

Paramenispermine has the same composition. It is less fusible, 
but sublimes at a high temperature. It does not appear to form 
definite salts. Both are insolublo in water, and soluble in alcohol; 
and paramenispermine is insoluble in ether. 

IL Harmalim, Cm XJw Ns Oa, and Harmine , C20 His Ns Oa. — 
These alkaloids occur united with phosphoric acid in the seeds 
of Peganum JIarmala. The first forms brownish-yellow prisms, 
bitter, astringent, and acrid, very soluble in aloohol, little soluble 
in water or ether. It is fusible, and partly volatile. It forms, 
with acids, yellow crystallisable salts. By oxidising agents, 
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barm aline is transformed into a red matter, which forms red salts 
with acids. The harmala red of comtnerce is the powder of the 
seeds already transformed into the phosphate of the red harmaline. 

It is used in dyeing, especially in giving to silk eyery shade of 
red, rose-colour, and pink. It is produced abundantly in the 
steppes of southern Russia, and is little known out of that country. 
Fritzsclie states that by oxidation harmaline yields two new bases, 
leucoharmine and chrysohannine, the composition of which is not 
given. Besides these, harmaline yields a variety of substitu- 
tion-products, suoh as nitroharmaline , nitroharmine , &c. With 
1 eq. of hydrocyauic acid, it forms a new base, cyanharmaline , 
C28 H10 N3 O2 . 

mm, Caffeine , Cie H10 N* O4 + 2 eq. Syn. Theine, Ouaranine . 
This remarkable compound is found in coffee , in tea, in Guarana 
officinalis , or Paullinia sorbilis, and in Ilex Parayuayemis, It is 
best obtained by adding to a decoction of tea a slight excess of 
acetate of lead, and evaporating to dryness the filtered liquid. 
The dry mass mixed with sand, is heated in the apparatus 
described for benzoic acid, when caffeine is obtained in crystals. 
Tea yields more than 1 per cent. 

Caffeine forms fine white prisms, of a silky lustre, which. aro 
soluble in water, alcohol, and ether, bitter, fusible, and volatile. 

It is a feeble base, but forms, with hydrochloric acid and sul- 
phuric acid, salts which yield very large crystals. 

The most interesting circumstance in relation to caffeine is, 
that while, in some form, such as coffee, tea, Paraguay tea, or 
Guarana tea, plants containing it are used by nearly ail nations 
as a necessary of life, and never relinquished wheu they can by 
any moans be obtained : and while the only other substance much 
used for the same purpose, namely, cocoa or chocolate, contains a 
body oloscly allied to, and indeed homologous with, caffeine, there 
is a very remarkable analogy afid connection between the compo- 
sition of caffeine and its derivatives, and certain products of the 
animal functions, those, namely, connected with uric acid. This 
is not the proper place to entaroifthe formation and destruction of 
urio acid in the body, which will be dono hereafter, but we shall 
her© mention briefly the results of ltochleder’s investigation of the 
derivatives of caffeine, and show their analogy with those of uric 
acid. Caffeine when acted on by chlorine, yields a weak acid, which 
resembles alloxan tine, and it is, in fact, homologous with alloxantine. 
This is amalic acid, Cia Na H7 Os , differing from anhydrous allox- 
antin©, C* N* Hs Os , by 2 (C» Ha ). When this, the alloxantin© o& 
the caffeine series, is oxidised, it yields ckolestrophane, a compound 
homologous with parabanio acid, the product of the oxidation of 
alloxantin© ; and lastly, when amalic acid acts on ammonia, there 
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is formed caffeomurexide, a compound having the same striking 
external characters as murexide, with which it is homologous. 
Thus we have : — 

Alloxantine Cs Na Ha Os Amalie Acid Cia Na H7 0 » 

Parabanio Acid Ca Na Ha Oa Cholestrophano C10 Na Ha Oe 

Murexide C-j* N10 H+O la Caffeomurexide C3oNioH2«Oio 

The difference between the two murexides is not 2 (Ca Ila) or 

C* H*, as in the other two cases, but Cia Hia or 3 (C* Ha), 
because in murexide three atoms of alloxantine are grouped to 
yield one of murexide, Ca*, and by analogy, 3 atoms of amalic 
acid must be grouped to yield one of the new murexide, Csg. The 
analogy between the two series cannot be overlooked, ami will, no 
doubt, be found to extend to many other points. We may also 
regard amalic acid as dimethylalloxantine, and cholestrophane as 
dimethyloparabanic acid, 2 eq. of methyle in both, replacing 2 eq. 
of hydrogen. 

Caffeine, when acted on by chlorine, yields, in addition to 
amalic acid, chloride of cyanogen and hydroohlorate of methyl- 
amine ; and we may suppose caffeine to be composed of Ca N -f- 
Ca Us N -f C12 Na Ha 0 *. It is the latter group, with 2 eqs. of 
water and 2 ot oxygen, which forms amalic acid. It is analogous 
to the group uryle, which, with oxygen and water, forms alloxan- 
tine. Uryle is Cs Na O* , but to bo homologous with the above 
group in caffeine, it ought to be C« Na H 0* , and as neither group 
is known in the .separate form, it is quite possible that the true 
uryle, or radical of alloxantine, is C 8 N a II 0*, which, with 2 of 
water and 2 of oxygen, will form alloxantine, instead of requiring 
1 of oxygen and 3 of water, as the formula C 8 N a 0 4 does. Since 
caffeine yields cyanogen and methylamine to chlorine, it is 
probable that both are ready formed in it. 

When cholestrophane, C10 Nalle Oo, is boiled with potash, it 
yields ethylamino, 0 * II7 N, water being decomposed. Along 
with this, it yields oxalic and catbonio acids and ammonia, 
while parabanio acid, heated with potash, yields only am- 
monia, oxalic acid and carbonic, but 2 eqs. of ammonia. The 
intermediate homologous compound, Ca Na II* 0 «, if obtained, 
would yield methylamine, oxalic and carbonic acids, and 
ammonia. 

tin. Theobromine , Ci* Ha N* 0 * P This substance, whioh is a 
weak base, homologous with caffeine, is found in the seeds of 
Theobroma cacao, or chocolate. Its constitution is still obscure. 
But Boohleder has obtained from it, by oxidation, a compound 
Cm Na H» 0x6 ,^and a Halt of ammonia, N H* 0 , Cm Na Ha Oxo. 



ALKALOIDS IN ANIMAL ORGANISM. 435 

The anhydrous acid of this salt, Ci« Ns H 8 Oio , is homologous 
with alloxan and inosinio aoid. We have : — 

Alloxan . . . . Cs Ns Ht Oio 

Inosinic Aoid . . . Cio Na Ho Oio 

Acid from Theobromine . Cia Na Ha Oio 

It will be seen that this last acid has the same relation to 
alloxan that amalic acid has to alloxantine, and that both caffeine 
and theobromine, when oxidised, yield products analogous to 
substances formed by the oxidation of uric acid. 

e. Alkaloids found in the Animal Organism. 

Only two such bases are yet known, namely : urea , already 
described as occurring in the urine : and hreatinine> which 
Liebig has detected both in the j uice of flesh and in urine, and 
which has been described as an artificial base, it having been first 
observed as a product of the action of acids on kreatine. 

The following substances have been noticed as alkaloids, but 
are very little known : Castine in Vitex agnus castus ; Cicutine 
in Cicuta virosa ; Charophylline in Ch (crophyllu m bulbomm ; 
Esenbcckina in Esenbcckia febrifuga ; Digitaline in Digitalis 
purpurea ; Eupatorine in Eupatoriurn cannabinum ; Euphorbine 
in Euphorbium ; Convolvuline in Convolvulus scammonium ; 
Pereirine in Pereira bark ; Lobeline in Lobelia injiata ; Carapine 
in Carapa bark ; Fag me in the beech nut or mast ; Fu marine in 
Fumaria officinalis ; Uedcrine in ivy seeds ; and others. 

We now come to a class of compounds, very widely distributed 
in the vegetable kingdom, but not exhibiting the same varieties 
as the class hitherto described, and not characterised in the 
same marked properties. This is a class of neutral or indifferent 
non-azotised bodies, which are never poisonous, hardly <*ven 
possessed of medicinal properties, and exhibit no striking chemical 
characters. It includes sugar, starch, gum, or mucilage, pectine 
or vegetable jelly, and woody fibre or lignine, with their 
derivatives. We can only describe them briefly. 

INDiPPEHENT HOX-AZOTISED COMPOUNDS. 

1. Sugar. 

There are various substances to which this name is given. 
These are, cane sugar, glucose, (grape sugar, starch sugar, diabetic 
sugar, or sugar of honey,) sugar of inilk, and amorphous or 
uncrystallisahlo sugar. Besides these, there are one or two 

v P 2 
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substances resembling sugar, such as mannite or mushroom sugar, 
and inosite or sugar of muscle. 

1. Cane Sugar r Cn Hu On = C 19 II* 0 e + 2 II O, occurs in great 
abundance in the sugar-cane, the beet-root, the maple, besides many 
other vegetables. It is extracted from the juico of these plants 
by crystallisation, the evaporation being conducted at as low a 
temperature as possible. It crystallises with great facility, 
either in small grains by rapid cooling of a strong syrup, as in 
loaf sugar ; or in large distinct crystals by a slow process, as in 
sugar-candy. Tho above formula represents the composition of 
pure orystallised sugar. 

Sugar forms large transparent hard crystals, which melt at 
302°, or, according to Peligot, at 356°, forming a viscid liquid, 
whioh on cooling forms a transparent amorphous mass, barley 
sugar. This, when kept, gradually becomes crystalline, opaque, 
and friable. About 420° sugar is converted into a brown tasteless 
mass, caramel , losing 3 eqs. of water. 

Sugar dissolves in | of its weight of cold, and in any quantity 
in boiling water; a solution saturated at 230° becomes a solid 
crystalline mass on cooling (tablet) : a solution saturated in tho 
oold is viscid, and is called syrup. Syrup, when long boiled, 
loses the property of crystallising. Tho crystallisation of sugar 
from syrup is also prevented by tho addition of of oxalic, 
citric, or malic acids. When boiled with diluted sulphurio acid, 
cane sugar is converted into grape sugar. With strong sulphuric 
acid it produces a dark brown liquid, containing a new aoid, 
sulphosaocbario acid. Nitric acid converts it into saccharic acid, 
oxalic acid, and carbonic acid. 

When boiled with very diluted sulphuric acid, sugar absorbs 
oxygen from the air, and produces formic acid, and a brown 
matter identical with ulmino, formed by the decay of wood. 
Sdgar prevents the precipitation of many metallic solutions by 
alkalies ; and when mixed with oxide of copper and potash, tho 
oxid^ of copper is dissolved, forming a purple solution, which, 
on boiling, deposits a red suboxide of copper. It reduocs partially 
the oxide* ^of many metals, when boiled with their solutions. 

Sugar forms orystallisable compounds with the alkalies, oxide 
of lead, and ohloride of sodium. When in contact with the lining 
membrane of the stomach of a calf, or with the oaseine of milk, 
sugar is transformed into lactio and butyric acids. 

Sugar, if taken along with nitrogenised food, may he called 
nutritious: it would appear, however, to act chiefly in con- 
tributing to the support of respiration, and thus keeping up the 
animal heat An animal, confined to sugar as food, soon dies 
from want of ^zdtrogenised or albuminous matter, with the 
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symptoms of starvation. It has lately been proved that sugar, 
that is, grape sugar, exists in the blood, especially that of certain 
parts. 

When a solution of sugar is examined by polarised light, it 
gives rise to a series of rings of the prismatic colours, but the 
plane of polarisation is made to deviate to the right. 


SUGAIt WITH BASES AND SALTS. 

With lime sugar forms a sparingly soluble compound, Cia He 
O 9 -j~ | JJ. With baryta, it forms a crystallisable compound, 

C 12 H© 0» | ® a q. With oxide of lead it yields an insoluble 
compound, Cia He 0« , 2 Pb 0 ; and with common salt it yiejds a 
crystalline compound, 2 Cia He Oo -f- j 

2. Glucose. Syn. Grape Sugar. Diabetic Sugar. Starch 
Sugar , (Jis Hu Ou. This sugar occurs in the juice ot many fruits, 
and is besides a product ot the metamorphosis of starch, cane 
sugar, woody fibre, sugar of milk, &o., when boiled with diluted 
acids. It may also be obtained from starch by the action of 
iu fusion of malt, or of diastase. It occurs in the urine of those 
affected with diabetes mellitus. The crystals which form in honey 
are likewise glucose. 

It is best extracted from dried grapes , or honey, and is also 
prepared on the large scale from starch. 1 part of starch is boiled 
with 4 of water, and from to of sulphuric acid, during 36 
or 40 hours ; or an infusion of malt is added to jelly of starch, 
which soon becomes liquid, and, in a few hours, is converted into 
sugar. When acid is used, it is neutralised by chalk, the solution 
of sugar filtered; and evaporated to a syrup, or, if required, to a 
dry mass. In this process, starch, Cia H 10 O 10 , takes up 4 eqs. 
water, and produces glucose, Cia Hu Ou ; so that 100 parts 
of puro starch yield, or ought to yield, 122 of glucose. The 
same explanation, only varying the quantity of water, applies to 
the conversion into glucose of cane sugar, Cia Hu O 11 ; 
woody fibre, CiaHsO**; and sugar of milk, Cia Ilia Oia, these 
compounds requiring 3, 6, and 2 eqs. of water respectively to form 
gluoose. 

The action of infusion of malt is not explained ; all that we 
know is, that this infusion, or a solution of diastase, a substance 
contained in it, does aotually cause starch to Jake the form 
of glucose. It is probable that the diastase » in a state of 
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4fiOK|Wi|>o$ition, and may act as a ferment. The action of the acid 
to be equally obscure ; but there is some reason to 
think What there is drat formed, as in the case of ether, a ooupled 
acid, or acid salt, which, like sulpkovinio acid, is decomposed 
by boiling. According to l)e Baussure, sulphuric acid and starch 
actually form a crystallisable compound. 

Gluooso crystallises from alcohol in square tables or cubes; 
a concentrated syrup of it yields only a mass formed of crystalline 
grains. It is much less soluble, requiring 1^ part of cold water, 
and less sweet to the taste, than cane sugar : in faot, 1 part of cane 
sugar sweetens as much as 2£ of glucose. It is much more 
soluble in cold alcohol than cane sugar. At 212° glucose 
loses 2 eqs. of water ; when heated beyond 284° it becomes 
caramel. Hot water dissolves any quantity of glucose, but 
the syrup is not nearly so viscid as that of cano sugar. Solution 
of glucose exhibits the prismatic rays with polarised light, and 
causes the plane of polarisation to deviate to the right. 

Glucose is easily distinguished from cane sugar by the action 
of acids and bases. With pure bile and a liltlo sulphuric acid, 
it strikes a violet colour, and probably cane sugar will do 
the same. Strong sulphuric acid dissolves without charring it, 
forming sulphosacchario acid ; and the alkalies and alkaline 
earths, which do not decompose cane sugar unless very concen- 
trated, rapidly convert glucose into a brown matter. Peroxide 
of lead converts it, at 212°, into ba&io formiate of lead, carbonate 
of lead, and water. 

The best and most delicate test for glucose is TrommsdorfF’s or 
the copper test. If to a solution of glucose we add a little solution 
of sulphate of copper, and then caustic potash in proper quantity, a 
blue solution is formed, which, on standing a little, deposits a rod 
precipitate of suboxidc of copper, and becomes finally colourless. 
This change is accelerated by boiling, and if there be no excess of 
the copper salt, tho whole copper is precipitated. By this means 
we cafc easily detect 1 part of glucoso in 1,000,000 of water, 
a f%oeptiJ)le red precipitate being formed. Even a solution 
ten times fbbre diluted, and containing therefore only 1 part in 
10,000,000, is seen to be tinged red in certain positions, or when 
wo look through a considerable depth of it. Cane sugar docs not 
produce the same effect unless long boiled, and then it is probably 
converted, in part at least, into glucose. 

By this test, glucose has been detected by Bernard as a normal 
constituent of the blood in certain paits of the body. 

The same process may be applied to the determination of tho 
amount of sugaft^ ar W liquid. The liquid is first boiled with 
acid, to convert* nil cane sugar into glucose, and then a solu- 
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tion of a salt of copper in potash, of a known strength, is added 
as long as it is decolorised by the saccharine solution. 

With baryta and lime, and oxide of lead, glucose forms 
compounds which it is difficult to obtain pure. That with 
baryta appears to contain 3 eqs. baryta for 2 eqs. of glucose, and as 
the baryta replaces water in such compounds, it is probably 

Cm Hao O25 , 3 Ba 0 = Ca* Haa Oaa j 3 Jj* q- The compound 

with lime appears to be C12 H19 O12 , 2 Ca 0 ; and that with 
lead Cia Hi 1 On , 3 Pb 0. If we suppose the dry glucose to be 
C12 Hu On, and to combine with 3 eqs. water and 3 eqs. base, 
then we should have 

Crystallised glucose 

Compound with baryta 

lime 

oxide of lead 

But the compound which grape sugar forms with common salt, 
and which crystallises very readily, does not agree exactly with 
this view. The crystals are 2 (C12 H12 O12 ) -f Na Cl 4- 2 H 0 ; 
and at 212° they lose the two equivalents of water. 

The sulphosacchario acid, above mentioned as being formed 
when grape sugar is acted on by oil of vitriol, has not been fully 
examined. It forms a soluble salt with baryta. 

With organic acids glucose forms compounds, the sugar in 
which cannot be brought to crystallise. Hence organic acids 
in vegetable juices act injuriously by first converting cane 
sugar into glucose, and then forming with it uncrystallisable 
compounds. 

When sugar is boiled with hydrochloric acid, it yields 
different brown products, according to the strength of the 
acid. With equal parts of acid and wafer, it yields a body, 
Cm II11 0»: with a weaker acid, two brown compounds; a soluble 
one, C*o Hi* Oio , and an insoluble one, Gw Hie Oi*. When 
boiled with diluted sulphurio acid, two substances are formed, 
which are nearly black ; one, mcchulmine , insoluble, and the 
other sacckulmic acid } soluble, in ammonia. Tito latter is Css 
Hio Oi«. 

When boiled with alkalies, cane sugar is first converted into 
grape sugar, and then into formic acid, and two new aoids, the 
gluoic acid and the melassic acid . Gluoic acid is very soluble, and 
its formula is either Ci« H* Go , or Ca* His Ois. It is ohieily 


C 12 Hu On 

+ 

3 H 0 

C 12 Hm Ou 

+ 

3 H 0 

Oi 2 Hu On 

+ 

3 Ba 0 

C 12 Hu Ou 

+ -l 

r2 Ca 0 
l H 0 

Ci» Hu Ou 

+ 

3 Pb 0 
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formed beforte the application of heat, which converts it into 
t&et&Bftig. acid* This latter acid is formed from sugar by the joint 
aotpa. o£ heat and alkalies. It has a very dark colour, and 
wnen separated, by hydroohlorio acid, appears as a blaok floc- 
culent deposit. Its formula is Cs* Hia O13. 

Catmmgl, the blaok matter formed by heating sugar to about 
400®, has the formula of anhydrous cane sugar, Cia HeOo, or C*4 
Hi* Oi« . It dissolves readily in water, forming a solution like 
sepia, which is tasteless when pure, The caramel of commeroe 
contains a good deal of undecomposcd sugar. 

When sugar is distilled with 3 parts of lime, it yields a liquid 
which is a mixture of acetone and propione, Propione is a 
colourless liquid, of an agreeable odour, boiling at 183°, and 
insoluble in water. Its formula is Cio R 10 Oa , or Ca H B 0. Tho 
formation of these products is therefore easily accounted for. 

When sugar is heated with hydrate of potash, several pro- 
ducts ore formed, but among them is an acid, Cc Ha 0* = 
Co Ho Oa, 11 O, which is propylic arid, evidently derived from 
propione by oxidation at the expense ot the hydrate. It is very 
similar to acetic acid, and, like it, belongs to the series of volatile 
acids of the general formula (C« Hn ) a + 0*. 


ACTION OF NITRIC ACID ON SUGAR. 

Saccharic Acid , Cia Hs Ow , 2 H 0, is one of the products 
of the action ot diluted nitric acid on cane or grape sugar. 
When stronger acid is used, oxalic and carbonic acids are the 
chief products. When sugar has been heated with 2 parts 
of nitric acid and 10 of water, the acid liquid gives, with 
basic acetate of lead, an insoluble saccharato of lead, which is 
decomposed by sulphuretted hydrogen, and the acid solution so 
fat neutralised with potash, that on evaporation it yields crystals 
of the acid saccharato of potash. This salt is purified, again 
converted into saccharate of lead, and again the lead salt is de- 
composed by sulphuretted hydrogen. The acid this time is pure. 
Tt crystallises with difficulty. 

This acid has been supposed to he quintibasio, and to form 
five series of salts ; but the latest researches of Ueintz lead to 
the conclusion that it is Cia Hs O14 , 2 H 0. Saccharic acid forms 
a crystollisable acid salt with potash, and doftnite salts with many 
other bases. It is isomeric with muoio aoid, for C la Ila Oi*, 2H0 
is the formula of muoic acid. 

The saccharate of silver, when gently heated under water, is 
decomposed, the silver being reduced ; and aft this oocurs with- 
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out effervesoence, the reduced metal adheres to the glass, and 
forms a bright mirror surface. The other sacoharates aro only 
interesting in respeot to their composition. On the whole, 
saccharic acid is a compound of high theoretical interest, and the 
formation of two isomeric acids, saccharic and mucic, bv the 
action of nitric acid on cane and grape sugar on the one hand, 
and on gum and sugar of milk on the other, is a fact which may 
hereafter lead to a knowledge of the true constitution of the 
different kinds of sugar. 

Notwithstanding the fact that cane sugar is easily converted 
into glucose, and that the formula) differ only by 3 eqs. 
water, it is evident that these two kinds of sugar differ more 
than if they were merely different hydrates of the same com- 
pound. Strong mineral acids instantly decompose cane sugar, 
but have little action on grape sugar; while alkalies, which 
combine with cane sugar to form crystalline compounds, rapidly 
convert grape sugar into dark compounds, glucio and melassic 
acids. And although both sugars agree in undergoing the same 
(vinous) fermentation, yet this is because cane sugar, before 
fermenting, becomes grape sugar. 

When vegetable juices containing cane sugar are evaporated, 
the presence of organic acids causes its conversion into grape 
sugar; and when lime is added, to clarify the juice, the action 
of the lime on grape sugar, when evaporated, produces glucio and 
melassio acid ; in other words, renders much sugar dark and 
uncry stallisa bio, converting it into molasses. A great part of the 
loss owing to this cause has, of late years, been avoided by care- 
fully neutralising with sulphuric acid as soon as the lime has 
effected the clarification. 

3. Sugar of Milky or Lactine , C12 H10 O10, 2HO = Cia H12 O12, 
is obtained by evaporating clarified whey till it crystallises. 
When pure, it forms hard white crystals, soluble in 5 or 6 parts 
of cold and 2 ^ of hot water. The taste of the crystals is feeble, 
but a concentrated solution tastes very sweet. It is insoluble 
in ether and alcohol. It is isomeric with gluoose or grape sugar. 
By boiling with diluted acids, it is converted into grape sugar. 
By the action of nitric acid, it yields mucic or saecholactic acid . 
It combines with ammonia and with oxide of lead. Its presence 
prevents the precipitation of many metallio solutions. Sugar of 
milk is susceptible of the vinous, laotio, and butyric fermenta- 
tions; and it is well known that some nations prepare an 
intoxicating liquor from milk by fermentation. There is reason 
to think that, previous to fermentation, it is, like cane sugar, 
converted into grape-sugar ; and, at all events, milk does not 
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ferment until an acid has been formed in it, which acid converts 
laotine into grape sugar. 

Sugar of milk forms two compounds with oxide of lead, 
the composition of which is not fully ascertained. 

Mucic Acid, C 12 Ha Oi* + 2 H 0, is formed when dilutod nitrio 
acid acts on sugar of milk, gum, or mannite. It is a white 
crystalline powder, of a feebly acid taste, soluble in 6 parts of 
boiling water, which deposits nearly the whole on cooling. Its 
solution, when long heated and evaporated, yields the modified 
mucic acid . Mucio acid dissolves oil of vitriol with a crimson 
colour. When heated, it blackens, and yields among other 
products, pyronxucic acid . 

Mucic acid is bibasic, and forms two series of salts, one with 2 
eqs. fixed base, the other with 1 eq. fixed base, and 1 eq. water. 
These salts have little interest. The mucate of oxyde of e thy le or 
mucic ether , crystallises in 4 -sided prisms, soluble in hot water. 
When boiled with a base it yields alcohol, and mucate of the base. 
Its formula is Ci* 11* On 4- 2 Ae 0. 

Modified Mucic Acid is more soluble in water, soluble in 
alcohol, from which solution it is deposited in squaro tables. Its 
aqueous solution, saturated at the boiling point, deposits on cool- 
ing, ordinary mucic acid. Its salts are more soluble than the 
mucates, but the acid in them easily passes into the ordinary 
acid. It is probable that the modified acid contains 1 eq. of 
water more than tlie other. 

Pyromucic Acid, Cio II3 Oa -f II 0, is formed by the dry distil- 
lation of mucic acid. 1 oq. of mucic acid, C 12 Rio O 10 , contains 
the elements of 1 eq. pyromucic acid, Cio H± () fl , 6 eqs. water, Ha 
0«; and 2 eqs. carbonic acid, Ca 0*. Pyromucic acid forms 
brilliant white scales, fusible at 26(3°, and volatilises completely 
at a temperature somewhat higher. It is soluble in water and 
alcohol. Its salts are not important. It is isomerio with 
pyromeconic acid, hut quite distinct in properties. Pyromucute 
of oxide of ethyls , Cio Hs O s , Ae 0, is ft solid crystallisablo com- 
pound, fusible at 93°, volatile at 410°. Chlorine acts on this 
ether, forming a new compound, Ci* lis Cl* Os, the constitution 
of which is quite uncertain. 

4. Sugar of Mushrooms. — Wiggers obtained from ergot of rye 
a saccharine compound, crystallising in transparent rhombic 
prisms, soluble in water and alcohol, and susceptible of the vinous 
fermentation. An analysis of this sugar gave the formula Cia 
Hi# Oi# , that is, grape sugar, minus 1 eq. water. This may be 
a distinct kind of sugar ; but the mushroom sugar of Braconhot 
is mannite or manna sugar. 

5. Sorhine, Cia Ifia On. This is another $0n of sugtft, isomerio 
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with glucose. It is found in the berries of the mountain ash. 
It forms colourless crystals, of a sweet taste, less soluble iu 
alcohol than the other forms of sugar. By heat it is decomposed, 
yielding a red acid, sorbinic acid , said to be Cs 2 His Ois . This 
formula is very doubtful. It reduces the salts of copper, espe- 
cially when potash is added. 

6. In unite y C 12 His Ois + 4 aq. This is a sugar found in the 
juice of flesh. It forms mammellated groups of minute crystals, 
which arc sweet and very soluble in water, sparingly in strong 
alcohol, insoluble in absolute alcohol and, ether. It does not 
appear to undergo tho vinous fermentation, but is capable of the 
lactic and butyric fermentations. 

If a very small portion of inosite be added to a drop or two 
of nitrio acid, dried up, and the residue moistened with a little 
ammonia and chloride of calcium, and again evaporated to dry- 
ness, all on a platinum spatula, a fine rose colour is developed, 
^th part of a grain may be thus detected. Inosite does not 
reduce copper to the suboxide when mixed or boiled with the 
sulphate of copper and caustic potash. 

7. Uncry stallisabU t Sugar. Sugar of fruits, Cia H 12 Oia . This 
is another isomeric form of glucose. It is found in most vege- 
table juices, especially if acid, also in honey along with grape 
sugar. Cane sugar is converted into it by boiling with diluted 
sulphuric or hydrochloric acid. It causes the plane of polarisation 
to deviate to the left. It acts on the copper test exactly as 
glucose docs, and undergoes the vinous fermentation like that 
sugar. Indeed in the fermentation of cane sugar, it is into this 
form of grapo sugar that the cane sugar is converted, before it 
ferments, and this change is seen in the action on polarised light. 

We lnt\e seen that starch and woody fibre may be converted 
into grapo sugar by boiling with dilute sulphurio acid ; in like 
manner, salicine and phloridzine, boiled with the same acid, 
yield saliretino and phloretino in each case, along with grape 
sugar. But the action of the infusion of malt is still more 
singular ; we have seen that starch, by contact with infusion of 
malt, is rapidly converted into grape sugur. This action is 
ascribed to the presence of diastase } a nitrogenised body which 
exists in malt, and which, while it causes tho conversion of 
starch into sugar, itself disappears. The action is evidently due 
to the state of decomposition of the diastase, which is an albu- 
minous body in a state of change; and there is no doubt that 
when seeds germinate, the starch they contain is in this manner 
rendered soluble, and conveyed, as sugar, to all parts of the 
plant, thejpe" to vb oon verted into woody fibre by a process the 
inverse of that by^hioh woody fibre is converted into sugar. 
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This latter id seen in the ripening of fleshy fruits, where a 
quantity of cellular matter (lignine) disappears, and the propor- 
tion of sugar very much increases. 

VINOUS OK ALCOHOLIC FERMENTATION . 

This name is given to that change by which sugar is resolved 
into alcohol and carbonic acid, by contact with a ferment. The 
sugar must be dissolved in water, and the solution must be 
exposed to a temperature of from 40° to 86°. If a ferment, Buch 
as yeast, be added, the sugar soon disappears, carbonic acid is 
given off in large quantity, and the liquid is found to contain 
alcohol, which may be separated by distillation. Now, grape 
sugar Ci* Hi4 Oi-fc , contains the elements of 2 cqs. alcohol, 4 eqs. 
carbonic acid, and 2 eqs. water, 2 (C* Ha (> 2 )-f 4 COa «f 2 H 0; 
and, by very exact experiments, it has been proved that 100 
parts of grape sugar yield only 47' 12 of alcohol, 44*84 of carbonic 
acid, together 91*06 parts, the loss, 9*04 parts being the 2 
eqs. of water separated. On the other hand, cane sugar, Cia Hu 
On, requires the oddition of 1 eq. of water to yield 2 eqs. alcohol 
and 4 eqs. carbonic acid, = 2 (C* H« 0? ) 4* 4 C 0* : and here 
also experiment has demonstrated that 100 parts of cano sugar 
yield 53*727 parts of alcohol, and 51 *298 of carbonic acid, together 
105*025; the increase, or 5* 025 parts, being due to the 1 eq. of 
water taken up to form dry grape sugar, C 12 Hi 2 O 12 , into which 
cane sugar is converted before it undergoes fermentation. These 
facts prove that the ferment takes no direct part in the reaction, 
but only acts by inducing a Btafce of change. 

A considerable number of substances, if in a stato of decom- 
position, act as ferments on a solution of sugar ; among these 
are, besides yeast, vegetable gluten, albumen, easeine or librine, 
and the corresponding animal substances ; also animal matter 
generally, if in a state of putrefaction. 

It appears that when a vegetable juice, such as grape juice, or an 
infusion of malt, ferments, the admission of the air is necessary to 
the commencement of the change, whioh then goes on, even if air 
be afterwards excluded. It was stated by Gay Lussac, that the 
oxygen of the air acted by inducing decomposition of the ferment, 
hut recent experiments have shown that air may be admitted to 
such solutions, without fermentation occurring, provided the air 
be passed through a tube filled with cotton wool. The reason 
seems to be that the germs of fungi are thus arrested, whioh 
would otherwise cause fermentation by being developed in the 
ferment, which is decomposed during their growth. It is certain 
that yeast consists in great part of the ceUs of % minute fungus, the 
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germs of which must have found admission. Some liquids, how- 
ever, ferment or putrefy even when supplied only with air filtered 
as above. This is the case with infusion of malt. However this 
may be, we are sure that, with or without fungi, the ferment is 
only capable of acting as a ferment when it is in a state of decom- 
position, and the only explanation we can give of the fermentation 
of sugar is, that the particles of these bodies, being in a state of . 
decomposition, are in motion, and by communicating/mechanically, 
an impulse or motion to the partioles of the sugar, destroy the 
balance of affinities to which the existence of sugar is owing ; 
and thus give rise to a new balance or equilibrium, more stable 
under the given circumstances. The elementary particles of the 
sugar being disturbed in their previous arrangement, group them- 
selves according to their individual affinities: and while the 
carbon forms, on one side, a compound containing all the hydrogen 
(alcohol), it yields, on the other, a compound containing the 
greater part of the oxygen (carbonic acid). 

When a natural juice, as that of the grape, ferments, some of 
the various substances it contains undergo a decomposition, 
probably of an analogous kind, giving rise to other new pro- 
ducts, which are important in regard to the flavour of the liquid 
(wine, beer, or spirits) produced in the fermentation. Thus all 
wine contains cenanthic ether, the higlier-fiavoured wines contain 
acetic, propylic, butyric, and caproio ethers, possibly also others, 
but all in very small proportion ; potato spirit contains the oil of 
potato spirit ( Fuseloel . German) ; grain spirit contains a similar 
oil. It is not improbable, that besides the vinous fermentation v 
which takes place in the greater part of the sugar, a peculiar 
reaction occurs, between a portion of the sugar and the ferment 
(or some other nitrogenised compound present), the result of 
which is the production of these peculiar oily liquids. Tlio 
bouquet , or so much prized flavour of the finer wines, is doubt- 
less owing to some ethereal compound produoed in a similar 
way, but the origiu, properties, and composition of which are 
as yet altogether unknown. It may bo mentioned, here, 
however, that conanthio ether, which is the cause of that 
peculiar smell which belongs to all wine, and is so marked that 
we can at once tell, after many weeks or months, that an empty 
bottle has formerly contained wine, is a compound of oxide of : 
etliyle with a fatty acid ; and the oil of potato spirit is a com- 
pound analogous to alcohol; the hydrated oxide of a radical 
amyle , Cio Hu. 

Xu the fermentation of the marc of the grape, or the expressed 
residue, in which much sugar is left, and probably beoause of the 
presence of a peculiar ferment in the skins or seeds, there occur 
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other alcobolio fermentations, yielding besides ethylic alcohol, the 
propylic, butylio, amylic, and oaproio alcohols. These may be 
easily explained : — 
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LACTTC FERMENTATION. 

When a solution of sugar is placed in contact with pressed 
curd, or unsalted skimmed-milk cheese, which has previously 
been exposed to tho atmosphere for some time, and the mixture 
is kept at a temperature from about 75° to 90% & peculiar 
change takes place, which has been called a fermentation, but 
which differs from tho vinous fermentation in this, that the 
escape of gas does not appear to be essential to it. The liquid 
soon becomes acid, from the conversion of sugar into lactic acid ; 
but when the amount of free acid reaches a certain point, the 
fermentation is thereby checked. If now the free acid bo 
neutralised by the addition of carbonate of soda, or carbonato 
of lime (chalk), lactate of soda or of lirno is formed, carbonic 
acid is disengaged, and the fermentation recommences. By 
repeating the addition of soda or chalk as often as free acid 
appears, the whole of the sugar may be at last converted into 
lactic acid, and obtained in the form of lactato of soda or of lime. 

The best method is to dissolve 1 part of cane sugar or sugar 
of milk in about 5 of water, to add at the commencement } 2 part 
of prepared chalk, and a proper quantity of curd or cheose, and 
to place the whole in a temperature of 77° to 90°. Effervescence 
occurs, owing to the decomposition of the chalk, and in process 
of time the lactate of lime is deposited in small round masses 
of minute crystals, in such quantities as to solidify the whole 
mixture. This result sometimes takes place in ten days; at 
other times, according to the precise temperature or the state of 
the curd, not till after several weeks or even months. But 
when it is complete, which is known by the cessation of the dis- 
engagement of gas and the solidification of the mass, the sugar 
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appears to be entirely converted into lactic acid, without the 
formation of any other product. This is the true lactic ferment- 
tation ; but, as we shall see, it is apt to be mixed and complicated 
with other forms of decomposition. 

Tho conversion of sugar, Cia Hu On , or of lactine, Cia, 
Ilia Oia , into lactic acid, Cia Hto Oio , 2 H 0, is very simple ; 
for lactine already contains the elements in the necessary pro- 
portion, and cane sugar requires only the addition of 1 eq. of 
water. It is therefore probable, a priori , that no other product 
should be formed along with the lactic acid ; and in several of 
my own experiments I have obtained so large a quantity of lactate 
of lime as to lead to that conclusion, while I could detect no 
other product, except some colouring matter and a little undecom- 
posed sugar. 

It is this fermentation which occurs in milk when exposed to 
tho air. The cdseine enters into the state in which it becomes 
capable of exciting the lactic fermentation in tho sugar of milk 
(lactino) ; but as soon as the liquid becomes very acid, the 
fermentation is checked, unless an alkali be added. Hence sour 
milk contains both lactic acid and undecomposed lactine ; hut 
by the occasional addition of alkali the whole lactine may be 
converted into lactic acid, or rather, lactate of soda. 

VISCOUS FEltMENTATIOV. 

TVhen certain saccharine juices, such as those of beet-root, 
carrots, onions, &c., are exposed to a temperature of from 86° to 
10f°, a peculiar fermentation takes place. Tho sugar disappears, 
but instead of alcohol and carbonic acid, there are obtained 
mannite , lactic acid , and a mucilaginous substance, having the 
composition of gum ; this latter renders the liquid ropy and 
\isoid, hence the name given to the process. 

The composition of mannite is . . Cia Hu Oia 

That of lactic acid is . Cia IIis Oia 

Together Ca* ILo Qs* 

It is evident, therefore, that 2 eqs. of dry grape sugar, Ca* H w 
Ow , gaining 2 eqs. hydrogen, might give rise to mannite and laotio 
acid. Tho gum has the same composition as sugar, so that we 
are led to believe that the nitrogenised constituents of the juioe 
acts on the sugar, to which they yield hydrogen ; and that these 
compounds are themselves decomposed by the loss of hydrogen, 
mannite, and laotio acid, which are very permanent, being 
produced from the sugar. 
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There is every reason to believe that the viscous fermentation 
is a mixed 'process, consisting of the lactic fermentation and of 
another/ the true viscous fermentation, the products of whioh 
are gum and mannite. In the preparation of lactic acid from 
sugar, with the aid of a curd above described, I have sometimes 
obtained a little mannite, but always in so small a proportion os 
to indicate that its production was not essentially oonneoted 
with that of the lactic acid, while in other experiments no 
mannite appeared. Where mannite did occur, I am inclined to 
suppose that the lactio fermentution was more or loss complicated 
with the viscous. 


BUTYRIC FERMENTATION. 

After the sugar, in the lactic fermentation, has been converted 
as above described, into lactate of lime, if the mixture, still 
containing the caseine or curd, bo kept for some time in a tem- 
perature of from 90° to 105°, the nearly solid mass of lactate 
dissolves by degrees, while a mixture of hydrogen and carbonic 
acid gases is given off, and at last the whole mass, except the 
cheese and any excess of chalk, becomes liquid. When the 
disengagement of gas has ceased, the liquid is found to contain no 
lactate, but only butyrate of lime ; and this salt may bo thus 
easily obtained in any quantity. The conversion of lactic into 
butyric acid is easily explained; for Oi a Hu Oia = Calls 0* + 

X y. ' ' ' 

Luetic Acid. Butyric Acid. . 
H 4 + 4 C Oa; and it is probable that no other product is 
formed; for in some experiments I have seen tho lactate con- 
verted entirely into pure butyrate of lime, which crystallised to 
the last drop. 

It is evident that under certain circumstances, the three kinds 
of fermentation just described may occur simultaneously, so that 
the liquid may contain lactio acid, butyric acid, mannite, gum, 
and unchanged sugar, 

Mannite , Cia Hi* Oi* , occurs as tho chief ingredient of manna. 
It is also found in certain juices, in mushrooms, in roots, such as 
that of celery, and is formed artificially as above described. It is 
easily purified by solution in alcohol, and crystallisation. It forms, 
when crystallised in water, large prisms, of a weak sweet taste. 
It is not susceptible of the vinous fermentation. Nitric acid and 
permanganate of potash act on it as on sugar. By a mixture of 
nitric and sulphurio acids, it is converted into nitromannite , 

Ci* ^ 6 ^ Oit. This compound forms silky orystals, whioh 
explode by heat or by percussion. 



TACTIC ACID. 449 

Sulphurio acid forms with mannite sulphomannitio acid, Cia 
Hl4 0l2, 6 S Os • 

JOulcose , Cia Hi 4 Ois, is isomeric with mannite. It is a sub - 
stance resembling mannite, sent from Madagascar, and produoed 
from some plant not yet known. It forms brilliant crystals. It 
differs from mannite in several points. 

PhycitBy Ci» Hi 4 O 12 ? This seems to be also isomeric with man- 
nite. It is found in Protococcus vulgaris . It forms rectangular 
prisms of a decided sweet taste. It differs in various properties 
from the two preceding compounds. 

Quercitc , C 12 H 12 C 10 . This substance, found in acorns, forms 
hard crystals, slightly sweet. Its formula is that of mannite minus 
2 eq. of water. Its action on polarised light is not mentioned, 
but the three preceding compounds have no such action. 

Lactic Acid, CiallioOio, 2 H 0, so called because it occurs in 
sour milk, is also formed abundant^, as above described, in a pe- 
culiar fermentation of certain saccharine juices at a high tempe- 
rature. In milk it is derived from the sugar of milk ; and by 
neutralising sour milk with carbonate of soda, adding sugar of 
milk, allowing it again to become acid, again neutralising, and so 
on in succession, as long as the oaseine causes the peculiar change 
to take place, it may be obtained in large quantity. A still easier 
process is to dissolve 14 parts of cane sugar in 00 of water, and 
to add 4 of moist cheese and 7 of prepared chalk. The mixture 
being kept some time at from 77° to 86 ; K will at last become 
quito thick with crystals of lactate of lime. If the action of the 
caseous ferment be pushed further, and at a higher temperature, 
the laetate of lime is not obtained, but in its place, butyrate of 
lime in large quantity. (See Butyric Fermentation.) The above 
quantities will yield about 13 parts of lactate after it has been 
purified by crystallisation ; besides from 1 £ to 2 parts mannite. 
The acid of sauerkraut is lactic acid, and by boiling the juice of 
sauerkraut with chalk or carbonate of zinc, lactate of zino or of 
lime may be obtained. 

Liebig has lately shown that lactic acid exists abundantly in 
the juice of flesh ; and as abundantly in the flesh of carnivorous 
as in that of herbivorous animals. This is remarkable, as the 
food of carnivorous animals contains no saccharine or amylaceous 
matter, so that the lactic acid must be formed from albuminous 
compounds. The same remark applies to the occurrence of lactine 
in the milk of carnivora, and to that of glucose in dogs fed on 
flesh. 

It has been stated by Cap and Henry, that lactic acid exists 
in normal urine, as lactate of urea ; but I have nover been able 
by thoir process to obtain from urine a trace of lactic acid, nor 
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anything but pure urea. Pelouze and others were equally unsuc- 
cessful ; and Liebig has proved by experiments on a very large 
scale, that urine contains no laotio acid in the normal state ; and 
further, that lactic acid, taken internally, oannot be recognised in 
the urine. 

From the lactate of lime, laotio acid may be obtained by the 
action of oxalio acid, which removes the lime aa oxalate. The 
filtered solution is lactic acid, whioh is concentrated by evapo- 
ration, and purified by solution in ether. From the laotato of 
soda, lactate of zinc may be obtained by adding chloride of zino 
to the hot saturated solution ; on cooling, lactate of zinc, being 
sparingly soluble in cold water, crystallises. This salt, acted on 
by barytio water, yields lactate of baryta, from which sulphuric 
acid removes the baryta, and the filtered liquid is pure diluted 
lactic acid. 

In its most concentrated form, hydrated lactic acid is a syrupy 
liquid, of a very strong but pleasant acid taste. Its Sp. G. is 
1*215. Its formula, according to Engelhardt and Maddrell, is 
bibasio, Cia Hio Oio, 2 II 0 =Cia Hu Oia. It is therefore isomeric 
with dry grape sugar and with Incline, or sugar of milk, both of 
which are Cia Hu On. At 482° the hydrate is decomposed, and 
yields anhydrous lactic acid, Cia Hio Oio , as au amorphous mass, 
whioh, with dry ammonia, forms lactam ate of ammonia. Water 
converts it into the hydrated acid. Heated beyond 482°, the 
anhydrous acid yields a solid crystalline sublimate, Cia JIs 0», 
which has been called anhydrous lactio acid, or sublimed lactic 
acid, better lactido . This compound dissolves readily in hot water, 
and the solution if evaporated yields the original hydrato. But 
when the acid is neutralised by bases, only one of the 2 eqs. of 
water taken up by the sublimed acid is replaced by a base ; and 
consequently we cannot look on lactide, that is, the sublimed acid 
as the true anhydrous acid. The anhydrous acid, as it exists in 
the lactates, is Cia Hio Oio *, and lactide is not lactio acid, but is 
converted into lactio acid when boiled with water. 

The general formula for the lactates is Cia Hio Oio, 2 M 0. The 
laotates of the alkalies are very soluble and deliquescent : that of 
lime is less soluble in cold water and crystallises readily. The 
lactate of zinc is sparingly soluble in cold water, and is hence 
well adapted for the extraction and purification of the acid. 

The salts of the lactic acid from flesli differ in the amount of 
water of crystallisation from those of the acid from milk. 

Laotio acid may be regarded as a coupled formio acid, the 
copula being aldehyde ; for C« H 0« (the half of laotio acid) = 
C» H 9 0* C* H* 0# . This constitution has been rendered pro- 
bable, by the discovery that lactio acid may be artificially formed 
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from alanine, a base obtained by the action of hydrocyanic and 
hydrochloric acids on aldehydammonia, It is well known that 
hydrooyanio acid with hydroohlorio acid yields formic acid and 
ammonia. In the above reaction, therefore, wo have formic acid 
and aldehyde in statu nascentu They probably combine to form 
lactic acid, but ammonia being also present, another reaction 
ensues, and alanine, a body isomerio with lactamide, is obtained. 
We have thus, first, Ca HaO* -f C* H* O2 = C« HsOa; and then 
C« Ho 0« + N Hs = 2 H 0 + C« H7 NO*. The latter group 
is alanine, which, when acted on by hyponitrous acid, yields lactic 
acid, thus ; Co N H7 O* -f N O3 = Co llo Oo -f- II 0 -f" Na . 

If such bo the true constitution of lactic acid, we should expect 
it, as well as alanine, to be one of a homologous series. And, in 
fact, this is the case. An acid has been discovered, glycolic acid, 
C* H* Oo , which is formic acid, Ca Ha 0* , coupled with formic 
aldehyde, Ca HaOa; and glycocine, C* N Ha O*, is the compound 
homologous with alanine, und corresponding to the new acid. 
The only other known members of these series are leucine, 
Cia N H13 0* , and the acid derived from it, Cia Hu Oo ; the 
latter, however, is but little studied. But glycolic acid, as will be 
mentioned under hippuric acid, is perfectly analogous in properties 
to lactic acid. The above facts also explain how it is that laotio 
acid, when distilled, yields so much aldehyde. 

Lactamide , Cia Hi* Na Os , is obtained when ammonia is made 
to act ou lactic acid. It is only remar kable from the fact that it 
is one of four isomerio or polymeric compounds, namely, lactamide, 
alanine, sarcosine, and urethane (carbamate of oxide of ethyle), 
all of which have perfectly distinct properties. It is called 
lactamide, because, like amides in general, it yields lactic acid 
and ammonia when acted on by acids and bases, which the other 
three do not. 

Socoloff and Strecker have shown that an acid probably exists 
containing lactic and benzoic acids, the bcnzolactic acid , C*o 
Hao Oa* = Cia Ilia Oia 2 (Ci* lie O*). This is homologous with 
benzoglyeolic acid, an acid apparently pre-existing in hippurio 
acid, or of which hippuric acid is the amide. The formulae her© 
given are double those in the section referred to ; but the latter 
are easily doubled, and the relations are the same, both ways. 
(See Hippuric Acid.) 


2. Starch . Cia ILo Oio. 

This very important compound is universally diffused in the 
vegetable kingdom. It occurs in seeds, as in those of wheat and 
other eeroalia, and also in the leguminosse ; in roots, as in the 
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tubers of the potato ; in the stem or pith of many plants, as in 
Sagus Bumphii; in some barks, as that of cinnamon; and in 
pulpy fruits, suoh as the apple. Finally, it is contained in the 
expressed juice of most vegetables, Buoh as the carrot, in a state 
of supension, being deposited on standing. Starch has been 
recently detected in the blood, in the brain, and in other parts of 
the animal body. 

It is chiefly extracted from wheat flour (i common starch) ; from 
potatoes ( potato starch ); from the root of Jatropha manihot 
(tapioca); from that of Maranta arundinacea (arrow-root) ; from 
the stem and pith of Sagus fatinifera Humph it (sago) ; the sub- 
stances known by these different names being all essentially the 
same. 

When flour is kneaded with water in a cloth, tho water 
carries off the starch in suspension, and deposits it on standing, 
leaving behind the gluten. I$y a similar process starch is purified 
from the cellular substance and other matters mixed with it in 
potatoes, which are rasped, and then treated with water as above. 
Sago, being finally dried at a somewhat high temperature, 
acquires a horny and translucent appearance. 

Pure starch is a snow-white powder, of a glistening aspect, 
which makes a crackling noise when pressed with the finger. It 
is composed of transparent rounded grains, tho size of which 
varies in different plants. Those of the potato arc the largest ; 
those of the leguminosa?, as peas, are very small ; and thoso of 
wheat and rice are smaller still. According to Payen, the largest 
starch granules, those of certain potatoes, have a length of 
185 thousandths of a millimetre. The length of those of arrow- 
root is 140 thousandths of a millimetre. Those of the pea and of 
wheat measure 50 thousandths of a millimetre ; while those of 
the seeds of beet and of Chenopodium quinoa have tho length of 
4 and 2 thousandths of a millimetre respectively. As 1 thousandth 
of a millimetre is equal to 4 ono hundred g thousandths of an 
inch, or 0*00004, the above measurements in deoimals of au 
inch, will be: — 

Starch, grains of Length. 

Chenopodium seeds 0*00008 

Beet seeds 0*00016 

Wheat and Peas 0*00200 

Arrow-root, and some Potatoes . . . 0*00560 

Potatoes (largest grains) «... 0*00740 

Staroh is insoluble in cold water, alcohol, and ether ; but when 
heated with water, it first becomes viscid, and is then converted 
into a kind of solution, which, however, is not complete, but 
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is rather formed by the swelling of the grains of starch into a 
mucilaginous mass. On cooling, the whole forms a stiff, semi- 
opaque jelly, Btarch paste. If dried up, this yields a translucent 
mass, which softens and swells into a jelly with water, like 
tragacanth. The solution, or mixture of starch and water, has 
the remarkable property of striking a deep blue colour with free 
iodine. This appears to be owing not so much to a chemical and 
definite combination, as to the mechanical division of the iodine ; 
there is even reason to think that the blue colour is that of iodine 
finely divided, adhering to the starch as a dye does to the fibres 
of cloth. 

When starch is warmed with water, to which has been added 
either some infusion of malt or some diluted acid, the viscidity 
of the mixture disappears, and the lluid solution is no longer 
coloured blue by iodine. As soon as this is the case, the whole of 
the starch has disappeared, and has been converted into a soluble 
gum called dextrine, from its power of causing the plane of 
polarisation to deviate to the right. This change may be com- 
pletely effected by heating starch to a certain point in scaled 
tubes, with water containing only ^th part of oxalio acid. The 
action of malt, in converting starch into dextrine, depends, as 
has been mentioned, on the presence of a nitrogenised or albumi- 
nous body, diastase . According to the proportion of malt or of 
acid, and the temperature employed, the change is more or less 
rapid ; and when the action is continued, the dextrine is in its 
turn converted into ylucose , or grape sugar, which from this 
circumstance is also called starch sugar. 

In contact with oil of vitriol, starch appears to form a com- 
pound or coupled acid, sulphoamidic acid. Strong uitrio acid, 
rubbed up with potato starch, dissolves it, forming a viscid liquid, 
from which water precipitates a white explosive compound, 
called xyloidine . This compound has some of the properties of 
gum tragacanth, bqfc it contains the elements of nitric acid, and 
lias not yet been fully investigated. According to rdouze, its 
formula is Co IL 0* + NOs ; according to Ballot, it is 
Cia Hia NOio; hut more recent researches tend to show that 

the formula of xyloidine is Cia j j ^ 10 > that * B > scroll 

in which 2 eqs. of hydrogen are replaced by 2 eqs. of nitrous 
acid. When starch is distilled with moderately strong sulphuric 
acid, it yields carbonic acid, formic acid, and a pungent volatile , 
oil, hitherto very little examined. 

The blue compound of iodine and staroh is best prepared by 
adding to the liquid filtered from the viscid paste obtained by 
boiling starch with water, first iodide of potassium, knd then 
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solution of chlorine, as long as it onuses a blue precipitate, which 
is to be washed tilt the water passes deep bluo, and to be dried in 
vacuo. Its colour is so intense as to be nearly black* It does 
not appear to be a compound in definite proportions. The best 
method of using starch as a test for iodine in mineral waters, &o., 
is to add to the water some starch paste, and then a little nitric 
acid or chlorine. The latter is best added in the form of gas, its 
weight allowing it to be poured like water ; while in this way we 
are less likely to add an excess, which would destroy the blue 
oolour. Or we may place in the bottom of a phial the liquid to 
be tested, adding a little oil of vitriol, and suspending from the 
stopper a slip of paper moistened with starch pasto. After a time, 
if iodine be present, the paper will exhibit a tinge of blue. By 
these tests ?^th part of iodine in a liquid may bo detected. 

With bromine, starch forms an orange-yellow precipitate, which 
cannot be dried without decomposition. 

Dextrine is obtained by heating to about 120° a mixture of 20 
parts of starch paste and 1 part of strong infusion of malt, until 
iodine no longer colours the mixture blue. The addition of strong 
alcohol now precipitates the dextrine as a thick syrup, while any 
sugar remains dissolved. Payen recommends tlio use of nitric 
acid. The starch is first mixed with gfoth of its weight of nitrio 
acid at 40° of Beaum6, that is, ordinary but not the most con- 
centrated acid ; and in order to distribute this small proportion 
equally, so muoh water is added that the starch can absorb the 
whole without being rendered in any degree liquid. It is well 
kneaded together, cut into blocks, which are dried in a stove, 
in a current of air, after having been broken into small frag- 
ments ; the temperature being gradually increased to H0°, or not 
beyond 176° F., till at the end of the process it is kept for some 
time at a constant temperature of 230°. In this way a gum is 
obtained much less coloured than that made with malt. When 
dried, dextrine muoh resembles gum, from^ which, however, it 
differs in the extreme facility with which it is" converted into sugar 
when warmed with dilute sulphuric acid or infusion of malt, 
and by not yielding muoio acid when aoted on by nitrio acid. 
The composition of dextrine is the same as that of starch. In 
fact, dextrine is supposed by some to be the substance whioh 
is contained in the grains of starch, inclosed in an insoluble 
membrane, which is burst in the process of conversion of starch 
into dextrine, or solution of starch, by means of acids and 
infusion of malt. The substanoe present in the malt which has 
the property of effecting this change is oalled diastase. It 
contains nitrogen. 

According to othor observers, the grains of staroh are oomposed 
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of ooncentrio layers of one aifd the same substance (dextrine ?), 
the outer layer being insoluble in water. As starch is found 
to contain a small proportion of a matter analogous to wax 
or to caoutchouc, we may suppose that the presence of this 
matter in the outer layer is the cause of its insolubility, or that 
the whole mass of the grains is, by its means, rendered insoluble, 
and endowed with the property of swelling up with water to 
a paste or jelly. Dextrine will then be the purified, and conse- 
quently soluble, matter of starch. If the outer coat be different 
from tho contents of the grains, it has still tho same composi- 
tion ; for analysis shows no difference between starch, dextrine, 
and tho insoluble matter left on the filter when staroh is boiled 
with diluted acids. 

Leiocome . — This name is given to a substance having the 
properties of gum, winch is prepared by simply roasting or torre- 
fying starch at about 300 °. It is, in fact, capable of being used 
instead of gum in calico-printing, and is made on the large scale. 
It lias a yellowish-brown colour. It is probably dextrine, more 
or less pure, generally containing some undecomposed starch. 
When well made it dissolves in cold wator like gum. 

Innline , dahline, alantiue, datiscine, menyanthine, C12 H10 O10? 
C24 Hia Ois ? C32 II2* O24 ? C24 H21 O21 ? — This is a substance 
analogous to starch in the roots and tubers of Inula helenium, 
Dahlia variabilis , Ilelianthus tuberosus , and many other synan- 
therous plants, which do not yield ordinary starch. 

It is extracted from the roots by boiling water, and is deposited 
by the concentrated decoction as a brittle white mass, formed of 
crystalline grains, or as a line powder. It is tasteless, insoluble 
in cold, very soluble in hot water. Diluted sulphuric acid, with 
the aid of heat, rapidly converts it into grape sugar, from which, 
like starch, it differs only by a certain amount of the elements of 
water. The best analyses make it isomeric with starch. It would 
appear to differ in different vegetables, but always retaining the 
character of this class of bodies, namely, the presence of hydrogen 
and oxygen in the proportions to form water. Iodine colours it 
slightly brown. 

Lichenine , Cia II10 O10. — This is a variety of starch found in 
Lichen islandicus , or Iceland moss. It forms, when pure, a nearly 
colourless, tasteless mass, which swells up into a transparent jelly 
with cold water, and dissolves entirely in hot water. When its 
solution is boiled, it forms pellicles, like milk, which adhere to 
the vessel. Its solution is not coloured by iodine, but the jelly is 
rendered blue by that test. By diluted and boiling sulphuric 
acid it is converted into sugar ; by nitrio aeid, into oxalic and 
saccharic aoids. It has the composition of starch. 
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Saponine is the name given to a variety of staroh obtained 
from the root of Saponaria officinalis. Its properties are little 
known. 


8. Gum. 

This name was formerly given to almost all exudations from 
plants. It is now limited to certain rather abundant substances, 
which are solid, uncrystallisable, transparent or translucent, 
colourless or nearly so ; tasteless, inodorous, soluble in water, or 
at least softening in it, and insoluble in alcohol, ether, fat, and 
volatile oils. They yield mucio acid when acted on by nitric acid. 
They may be divided into gums which dissolve in cold water 
(arabine, mucilage), and gums which only swell up to a jelly 
(tragacantli or bassorine, oerasine, peotine). Arabine and cerasine 
contain oxygen and hydrogen iu the proportion to form water : 
the other gums are nearly analogous in composition. 

Arabine , or gum arabic, is found as an exudation from several 
species of acacia, AVhat is called gum Senegal is essentially the 
same. It is nearly colourless, transparent, hard, and brittle, aud 
has a mild taste. It is very soluble iu cold water, and forms a 
viscid mucilage, from which alcohol precipitates the gum. The 
diluted solution is precipitated by silicate of potash, subacetate of 
lead and protonitrate of mercury. When a mixture of gum, 
water, and sulphuric acid is kept for some time at a temperature 
near boiling, it is converted into grape sugar. The composition 
of gum is C 12 IIio Oio, that is, the same as that of starch, which 
accounts for the transformation. Arabine yields 2 or 3 per cent, 
of ashes, containing a good deal of lime. 

Mucilage is the name given to a substance resembling gum, 
found in many vegetables, such as linseed , althaea , and others. It 
differs from arabine in being less hard when dry, and less trans- 
parent. It would appear, however, that the mucilage of althcea- 
root is essentially starch inclosed in cells formed of woody fibre or 
cellulose. The different mucilages are resolved into grape sugar 
by being heated with dilute sulphuric acid, and therefore may be 
considered as containing, like staroh aud arabine, water plus 
carbon. Since all these mucilages contain much minoral matter, 
the mucilage of linseed, for example, leaving 11 per cent, of ashes 
rich in lime, it is probable that their peculiar qualities depend on 
the presence of phosphate of lime or other salts of liino, disguising 
either starch or arabine. 

liuasorine is the name given to a substance which forms the 
chief part of yum tragacanth and of gum bassofa^ and also, accord- 
ing to some, of salcp f a mucilaginous substance, obtained from the 
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bulbs of Orchis mascula . According to Schmidt, however, salop 
is really formed of swelled-up grains of starch. 

Pure bassorine resembles arabine in appearance, but is less 
transparent, and instead of dissolving in cold water, only swells 
up to a very great extent, forming a viscid mass. Its composition 
is analogous to that of arabine, and by digestion with diluted 
sulphuric acid, it is transformed, like salep, into grape sugar and 
cellulose. Cerasine is the name given to that part of the gum of 
the cherry, plum, or almond trees, which is insoluble in cold 
water. It probably contains a mixture of gum arabic with basso- 
rine, or with salep. 

During what is called the viscous fermentation, which takes 
place in certain sweet vegetable juices, as that of beet-root, there 
is formed, along with lactio acid and mannite, a mucilaginous 
compound, which causes the viscidity. When dried it has nearly 
the characters and composition of arabine. 

Pactine is the substance which causes the juice of some pulpy 
fruits, as apples and pears, to coagulate or gelatinise when mixed 
with alcohol, by which the pectine is precipitated. When dried, 
it resembles gum or isinglass, and forms a jelly with water. By 
the action of nitric acid it yields oxalic and muoio acids. It 
generally yields about 8 per cent, of ashes, containing much 
phosphate of lime. In contact with alkalies, it is transformed 
iuto pectic acid. Pectic acid is easily obtained from many 
vegetables, as, lor example, rasped carrots, by washing them 
well with distilled water, and then boiling 50 parts of the 
squeezed residue with 300 of water and 1 of potash. The 
pectate of potash is deposited as a jelly in the filtered liquid on 
cooling. Either this salt or the pectate of lime may be decom- 
posed by diluted hydrochloric acid, which leaves the pcctic acid 
as a jelly, which dries up into transparent lamince, insoluble in 
water but very soluble in alkalies. From these solutions acids 
precipitate it as a jelly. In this form it is slightly soluble in 
boiling water, but the solution gelatinises on the addition of 
acids, salts, alcohol, or sugar. It is supposed not to exist ready- 
■foriued in the plants, but to be produced by the action of alkalies 
on pectine. 

Tho alkaline pectates, when dry, form gummy solids, solublo 
in water. Alcohol causes the solution to gelatinise, and even an 
exoess of potash or soda has the same effect. The earthy and 
metallic peotatos are gelatinous and insoluble. When dried, 
pectine, poetic acid, and all^ the pectates, assumo a cellular 
structure, so to speak. 

The jolly formed in currant juice, as well as other juices by the 
addition of sugar, is pectine or pectic aoid. The boiling of such 
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juices probably promotes the formation of jelly ; for it has been 
shown that when the insoluble part of unripe currants, after being 
washed, is boiled with water acidulated with a vegetable acid, a 
considerable quantity of pectine is formed, probably by a trans- 
formation of the oellular tissue. 

The composition of pectio acid is not fully ascertained. Accord- 
ing to Regnault it is C12 Hs On, or Cxa II 7 O10, H 0 . According 
to Mulder, it is Cia IIs O10. But the researches of Chodnew 
have led him to adopt the formula Cw His O24, 2 II 0 = C2.S H20 
O26. In all the formula) there is an excess of oxygen over 
hydrogen. 

The whole subject of the mucilaginous compounds, including 
pectine and pectio acid, is still very obscure and requires renewed 
investigations. 

Apiine is a substance analogous to pectine, found in parsley, 
Apinm graveolens. Glycyrrhizine is the name given to a sub- 
stance resembling both sugar and gum, which is the chief ingre- 
dient in liquorice, the juice of the root of Glycyrrliiza ylabra . 
It is soluble in hot water, and gelatinises on cooling. Its taste is 
sweet and also acrid ; but it does not, like sugar, undergo tho 
vinous fermentation. Its formula is said to be C10 II12 Oo . 

Sarcocolline is a gummy matter found in the sarcocolla of com- 
merce, which is the dried juice of JPenwa mticronata. It is soluble 
in alcohol and water, and has a tasto both sweet and bitter. 
Formula C*« H10 O10? or C*o Haa Oi*? 


4. Woody Fibre . 

The skeleton of plants, after everything soluble in water, 
alcohol, ether, diluted acids, aud diluted alkalies has been 
removed, is oalled woody fibre. It varies in aspect and in compo- 
sition as obtained from different plants. That of box or willow, 
when dried, is (ha He Oe ; that of oak is said to be Cao Hat Oaa ; 
and that of beech is intermediate between theso two. All 
varieties, however, may be represented as composed of carbon 
plus water. 

Recent researches have shown that wood is composed of two 
parts i 1 . cellulose , which forms the parietes of the vegetable cells, 
*nd which is found in its purest form in Swedish paper. Its 
formula, according to Mitscherlich, is C19 H10 O10, which accounts 
for its being convertible into starch and sugar. If paper be 
moistened, and sulphurio aoid dropped on it, and allowed to 
remain till it forms a jelly ; this jelly, when washed, is coloured 
blue by iodine. The application of heat with the aoid oonverts 
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the starch into sugar. Cellulose is found in the lower animals, as 
in the mantle of the asoidia, and others, as well as in the muscles 
of invertebrata. And 2. lignine , which fills those cells, or forms 
an incrustation on their walls. The latter dissolves in strong 
nitric acid, the former is left undissolved. Again, oil of vitriol 
dissolves cellulose without blackening, and it appears to convert 
it into dextrine, with which it agrees in composition; while 
lignine separated from cellulose is said to contain Ca« Hat O 20 . 

There can be little doubt that cellulose and even lignine are 
essentially isomeric with starch, dextrine, gum, and glucose, or 
differ only from the last in the proportion of water. In plants 
we see constantly wood produced from the soluble forms, and in 
germination, maturation of fruits, and other vegetative changes, 
we also see woody fibre dissolving in the forms of dextrine, gum, 
and sugar, or transformed into starch. Nay, by the mere action 
of boiling water, we can so change many kinds of woody fibre or 
cellulose, as to render it entirely soluble in water ; in other words, 
we oan artificially convert it into dextrine. And all forms of it, 
when boiled with diluted acids, pass into glucose or grape 
sugar. 

In its usual state of aggregation, cellulose is not coloured by 
iodine, but if it be first acted on by strong sulphuric and oily 
alkalies, so that disintegration has commenced, it is then coloured 
blue by iodine. In some cellular plants, the cellular tissue is at 
once coloured violet by solution of iodine. 

Linen, cotton, and paper are woody fibre, more or less pure. 
All these substances, and others of similar nature, but less pure, 
such as tow and sawdust, yield, when acted on by nitric acid, 
explosive compounds, analogous to that obtained from starch, 
already described under the namo of xyloidinc. 

Gun Cotton is best made by immersing for two minutes 1 part 
of clean dry cotton wool in about 10 parts of an acid composed of 
equal volumes of oil of vitriol, Sp. G. 1*840, and nitric acid, 
Sp. G. 1*510. It is then gently pressed, to expel as much as 
possiblo of tho acid, rapidly washed with water, till the water 
puns off tasteless, and dried by a gentle water heat. 100 parts of 
dry cotton are found, when thus treated, although little changed 
in appearance, to have increased in weight to 109*5 parts. Of 
this weight 102*5 parts are nitrio acid, and 67, or two-thirds, of 
the original weight, are derived from tho cotton, and represent 
what may be called anhydrous ootton, the remaining one-third, 
or 33 parts, having been lost in the shape of water, which has 
combined with the acid. 

According to Porret and Tesoliemachcr, anhydrous ootton 
is Cia Hs Os , and gun cotton is Cn Hs Os + 4 N Oo , which 
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corresponds to the above proportions. But the gun cotton may 
also be Cia Hs Oia + 4 N O 4 , or C 12 Its Oia 4 - 4 N Os ; while 
xyloidine, whether from starch or from woody fibre, is Cia Hs 
Oh + 2 N Os, Cla Hs O 10 4- 2 N 0* , or Cia He Oia -f 2 N 0 3 . 
This explains the superior explosive force of gun cotton, the 
combustion of which must be more complete. In fact, when 
exploded, it leaves no visible residue, 

It is not probable that gun cotton will supersede gunpowder 
for fire-arms, as it is expensive, and its preparation is somewhat 
uncertain. But when well made, it explodes so rapidly that it 
will probably bo found advantageous in the blasting of rooks. 

By the continued action of acids or of hot alkalies, woody fibre 
yields a substance which is coloured blue by iodine. Linen, 
cotton, or paper, all of them different forms of woody fibre, 
when moistened with pretty strong sulphuric acid, are converted 
apparently first into dextrine, and afterwards into grape sugar. 
When heated with a more diluted acid, linen yields an amylaceous 
pulp hardly soluble in water, the composition of which is C12 
H10 O10 , that of starch and cellulose. 

When exposed to air and moisture, wood undergoes ererna- 
causis, being slowly converted into a friable mass, whioli contains 
a larger proportion of carbon than the original wood. It would 
appear that the oxygen of the atmosphere combines with the 
hydrogen, and that carbon and oxygen are given off from the 
residue as carbonic acid, C O2. As the residue is found still to 
consist of carbon and water, it is evident that for every equi- 
valent of carbon removed, there are separated 2 cqs. of oxygen 
and hydrogen, so that the proportion of carbon to water in the 
residue is constantly increasing. Woody fibre, Cia II to O10 , will 
thus yield first a residue of C11 Hs Os ; then C10 Ho Oe , Cs XL 0 *, 
and so on. When air is left in contact with moist wood, its 
oxygen is removed and replaced by an equal volume of carbonic 
acid. This is one chief source of the insalubrity of marshy 
districts ; and the effect is seen still more strikingly in the case 
of houses which have been submerged in an inundation, which 
are very unwholesome as long as the wood is moist. 

The tendency of wood to decay is checked or destroyed by 
acids and many salts, especially corrosive sublimate. Out of 
contact of air, moist wood putrefies, yielding a whito friable 
residue, containing less carbon than the wood. Such products 
have been analysed, but the results are not such as to lead to any 
certain formula. They were probably impure. 

The composition of brown coal is analogous to that of wood 
pariially decayed, hut subjected to changes of the nature of 
putrefaction, as well as to eremacausis. Two specimens of brown 
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coal yielded Caa Hai Oia and Caa Qia Oo , formulae which are 
doubtful. 

All the products of the decomposition of wood might bo 
derived from oak wood, Caa Haa Oaa, if that were its true formula, 
by the fixation of oxygen, and the separation of water and 
oarbonic aoid. 

When the substance called mould, which oontains the debris 
of decayed vegetable matter, is boiled with alkalies, the filtered 
solution deposits, on the addition of acids, a brown precipitate, 
which has been called ulmine, humus, humine, geine, ulmio acid, 
humic acid, and geic acid. It is generally admitted that this 
precipitate is a product of the action of the alkali on the decayed 
vegetable matter, and the name of humus, humine, or geine is 
given to the substance which is believed to yield the humic acid. 
But this humus has not been isolated, and is not known. 

Mulder examined the precipitates obtained from a variety of 
different sources, decayed wood, turf, peat, mould, &o. With one 
exception, he found all to contain nitrogen, varying from 2*5 td 7 
per cent. It is evident that these substances are vegetable matter 
in different stages of decay. Mulder considers these precipitates 
as compounds of water, or water and ammonia, with three different 
acids: 1. acid of mould, C*o Hia Oi*: 2. humic acid, C*o Hia Ou : 
3. ulmio acid, C 4 o Hi* Oia. 

When sugar is boiled with diluted acids, it yields brown 
substances analogous to, if not identical with, these acids of 
Mulder. 

It is important to observe the general presence of ammonia in 
mould, &o. This ammonia has no doubt been absorbed from the 
air in groat part ; and this will explain tho favourable influence 
which theso substances exert on vegetation. They act also in 
furnishing, by their slow decay, a continual supply of carbonic 
acid. 

Orenic Acid and Apr oc rente Acid are two brown extractive 
matters, analogous to the preceding, and derived from deoaying 
vegetable matter, which are found in certain mineral waters. 
They both appear to oontain nitrogen. 

PBODUCTS OP THE DISTILLATION OF WOOD. 

When wood is heated in close vessels, it gives rise to an im-> 
mense variety of products, according to the kind of wood and to 
the presence or absence of resinous or oily matters. In all oases 
there are formed gaseous, liquid, and solid products, with a 
residue of charcoal. 

Tho gases are oarbonio aoid, carbonic oxide, olefiant getis and 
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n>arsb gas. The liquids are partly soluble in water, partly 
insoluble. The latter constitute the tar, and are of a semifluid 
consistence. 

The substances soluble in water are, besides water itself, acetic 
add, acetone, pyroxylio spirit (hydrate of oxide of wethyle), 
acetate of oxide of methyle, lignone, xylite, and mesite, 

The' oily substances, insoluble in water, are very numerous, 
including^ereesote, picamar, eupion, capnomor, &e. Along with 
these are the compounds which at the ordinary temperature are 
solid, such as paraffine, naphthaline, cedriret, pittacall, pyr 6 ne, 
phrysene, and pyroxanthine. The last mentioned, being very 
volatile, chiefly accompanies the acetic or pyroligneous acid. 


1. Volatile Products, soluble in miter. 

Acetic Acid, This is one of the chief products of the distillation 
of woods. Its mode of purification and its properties have been 
already described. As prepared from this source, it is often 
oalled pyroligneous acid. The crude or impure acid is highly 
antiseptic ; not only becauso vinegar, like most acids, is so, but 
also because it contains much creosote dissolved. Hence it not 
only preserves meat, but gives to it a powerful and agreeable 
smoked flavour. 

Pyroxylic Spirit, This name is given to the spirituous liquid, 
distilled from the crude pyroligneous aoid before the latter is 
purified. It is a mixed fluid, the chief component being hydrated 
oxide of methyle, which is accompanied by acetate of oxide of 
methyle, unless it has been rectified with quicklime, which 
decomposes the latter. Liynone is the name given to a volatile 
liquid, somewhat resembling alcohol, observed in pyroxyiio 
spirit by Hmelin and Liebig. Its formula is not ascertained, 
sinoe it does not, as far as we know, form definite compounds 
from which its equivalent might be deduced. Xylite is another 
similar volatile liquid, which, according to Schweitzer, is On, 
His 05= 2 (Calls 0 ) ■+• (CsHsOs) = 2 Me 0 + AoaOa; that is a 
compound of two eqs. oxide of methyle and 1 eq. of a sesqui- 
aeetylic acid. When acted on by potash, it yields a crystalline 
salt Cx» Hi* Or , K 0 , while hydrated oxide of methyle separates. 
An excess of potash causes the formation of threo products: 
xylitic naphtha , Cia Hia O 3 ; xylitic oil } Cia Ha 0 ; and xylitic 
resin , Ca He 0. When distilled with sulphurio acid, xylite, if 
moist, yields a new compound, a volatile liquid, mesittine, Ce H fl 0» . 
If anhydrous, it yields besides another compound, methol, a less 
vol^ile liquid, which appears to be a carbohydrogen, 0* Ha ; 
isomeric with aoetyle, if it be not that radical, * Mesite is another 
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volatile ethereal liquid found in pyroxylic spirit, which, according 
to Schweiteer, is CsHoOa; isomeric with acetone. He considers 
it as composed of oxide of methyle and oxide of aoetyle, C* Ha 0 
•f C* Ha 0 = Me 0 4* Ao 0. The liquid called Mesite by 
lteiohenbach would appear to be acetate of oxide of methyle, 
Mt O + Ac Os, mixed with a more highly carbonised body, 
apparently composed of Caa H*a Oia. This latter is resolved by 
the action of lime into 3 eqs. acetic acid (Cis H» Oa), and a 
volatile liquid, Cu Hie Oe . Along with the above, another liquid 
appears to occur in the mesite of Rcichenbach, the composition of 
which is Cai Has Oio. In addition to all the liquids above 
mentioned, as occurring in pyroxylio spirit, acetone is frequently 
found. 

The very great similarity in properties of so many substances, 
namely, hydrated oxide of methyle, acetate of oxide of methyle, 
lignone, xylite, mesite, and acetone, is worthy of notice. Most 
of these liquids have nearly the same density and boiling point ; 
they are all inflammable, and their solubility in water is nearly 
equal. Ilenco they all occur mixed, and are with great difficulty 
separated, so as to obtain each in a state of purity ; indeed, in 
most of them wc cannot be sure that this has yet been accom- 
plished. It is highly probable that, like the two first, all the rest 
will be found to be compounds of methyle. Our knowledge on 
the subject is still very limited. 

The purified pyroxylic spirit, or hydrated oxide of methyle, 
has been already fully described, along with its chief derivatives. 

2 . Volatile Oily Products , insoluble or sparingly soluble in Water. 

a . Creosote (from fepeas, flesh, and <r«£a>, I preserve). This is 
one of the most important products of the distillation of wood. 
It is found, partly dissolved, in the pyroligneous acid, partly along 
with other oils, in the tar. When the crude pyroligneous acid is 
saturated at 107° with dry sulphate of soda, an oil separates, 
which contains much creosote. In like manner, by the rectifi- 
cation of tar, an oil of tar is obtained, the heavier portions of 
’ which contain a good deal of creosote. These oils are neutralised 
with carbonate of potash, and the flu id thus deprived of acid is 
distilled with water. The distilled oil is acted on by diluted 
phosphoric aoid to remove ammonia, and, probably, traces of oily 
bases, again distilled, and dissolved in aqua potasste, Sp. G. 1*12, 
which dissolves the creosote, along with portions of other oils, 
but separates a good deal of eupion, &o. The alkaline solution is 
now supersaturated with dilute sulphurio acid (after having been 
' boiled in the air till it has become dark brown), when the impure 
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creosote separates. It is again rectified, and the treatment with 
potash, bailing addition of sulphuric acid, and rectification, 
repeated till the rectified oil dissolves entirely in weak potash, 
and this alkaline solution, on being boiled, acquires only a slight 
tinge of colour. It is then finally rectified, and is pure when it 
continues colourless on being kept. The tar of peat appears to 
be very rich in creosote, and it also occurs in coal-tar. Good tar, 
from beech wood, is said to contain from 20 to 25 per oent. 

Pure creosote is a colourless transparent liquid, of a high 
refractive and dispersive power, of a tolerably fluid but oily con- 
sistence. Its Sp. G. is 1*037, according to Keichenbach, its dis- 
coverer, and other chemists ; but there is some discrepancy on 
this point, I>r. Christison having always found it as high as 1*060 
and upwards. Its boiling point is 397°. It gradually becomes 
coloured brown when kept, unless absolutely pure. Creosote has 
a very strong, peculiar, persistent smell of smoke, analogous also 
to that of castoreum, not fetid, but unpleasant when concentrated. 
Its taste is burning, with a sweetish after-taste. It disorganises 
tho skin, causing a white spot, where the cuticle soon peels off, 
without inflammation. When applied to the interior of the mouth 
and to tho tongue it smarts strongly, whitening and disorganising 
the cuticle. 

Internally it is a powerful poison, but in a small dose may be 
employed advantageously jn some cases of vomiting and diseaso 
of the mucous membrane* It is given much diluted with water. 
Externally, it may be employed, either in the form of aqueous 
solution, of ointment, or pure, as a styptic, and is a valuable 
application to indolent ulcers, and to many chronic cutaneous 
affections. Pure creosote, applied to the hollow of a decayed 
tooth, so as to touch tho exposed nerve, instantly relievos, in 
many cases, tho most violent toothache. It acts apparently by 
coagulating the secretions, and thus forming a covering to the 
nerve. 

Creosote dissolves in about 80 or 100 parts of water, and is 
exceedingly soluble in alcohol and in acetic acid. Those solutions 
have the smell, taste, and antiseptic power of the creosote. 

Creosote possesses a singular antiseptic power. Flesh of all 
kinds, if steeped for a few hours in a weak solution of creosote, 
becomes insusceptible of putrefaction: and the same effect is 
produced when the flesh is exposed to the vapour of creosote. 
This is the reason why the smoke of wood possesses antiseptic 
properties ; smoked meat or fish is merely meat or fish which 
has absorbed the vapour of oreosoto from the smoke in which it 
has been suspended. The creosote appears to act on flesh, <&o., 
in virtue of its remarkable power of coagulating albumen, which. 
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also accounts for its styptic action. Tongues and hams may be 
smoked and effectually cured by immersing them for 24 hours in 
a mixture of 1 part of pure creosote and 100 of water or brine ; 
and when thus prepared, they have the delicate smoked flavour 
observod in reindeer tongues, as usually cured by smoking. 

Owing to the difficulty of obtaining creosote quite pure, its 
composition is hardly ascertained with certainty. According to 
Devillo, whose researches arc the most recent, it may be regarded 
as having the composition of the alcohol, so to speak, of the series 
of benzoyle. His analyses load to the formula Ci+ Hs Oa = 
Cn, II 7 Oa , HO; but I cannot ascertain whether this be the 
formula he adopts. The alcohol he speaks of would be Ci* Hs Oa , 
and this, if not creosote, is probably isomeric with it, as will bo 
explained further on. 

It is particularly to be noticed, that there is a very great 
rosomblance between creosote and carbolic acid (or hydrated oxide 
ofphenyle, C 12 Ho 0, H 0), a substance obtained from coal-tar, and 
which will soon be described. So great is this resemblance, that 
I am inclined to consider creosote as a somewhat impure carbolic 
acid, the impurities being substances homologous with carbolic 
acid ; or rather the carbolic acid is the impurity, in a body, belong- 
ing to the same homologous series ; and others of the series may bo 
present. Tho taste, smell, density (according to some), boiling point, 
solubility iu water, &c., poisonous and* antiseptic action, of these 
two bodies, are the same. Both combine with alkalies, forming 
cry stalli sable compounds, and, what is more important, their 
composition in 100 parts is almost identical. The chief differences 
seem to be, that carbolic acid may be obtained in crystals, which, 
however, on contact with the air, instantly liquefy and retain the 
liquid form, without any appreciable change of composition, 
apparently from tlio effect of a trace of moisture. Also, the salts 
of carbolio acid with bases are more easily formed and more per- 
manent tlmn those of creosote. A splinter or shaving of fir wood, 
dipped into carbolio acid, and then into nitric or muriatic acid, 
becomes first blue and then brown ; which does not appear to be 
tho case with creosote. But Laurent has recently shown, that 
creosote, when acted on by a mixture of hydrochloric acid and 
chlorate of potash, yields abundance of chloranile, a character in 
which it agrees with carbolic acid. Both substances also yield 
nitropioric acid, when acted on by nitric acid, although in tho 
case of creosote this acid is accompanied by others not yet 
examined. These results I have myself also obtained; and it 
would appear, that if creosote be not carbolic aoid, contaminated 
with some foreign matter, these two bodies are at least closely 
connected, and belong apparently to the same series, which is 

HE 
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either that of benzoyle or that of phcnylc. It id not impossible 
that creosote may be a definite oompound of carbolic acid with 
some substance of closely allied composition, but of basic properties. 

The recent investigations of Gorup-Besanez have thrown some 
light on this subject. Commercial creosote is rarely anything else 
than carbolic acid, which so much resembles it. But genuine 
fcreosote does not yield with hydrochloric acid and chlorate of 
potash, chloranile, hut a body somewhat resembling it, the formula 
of which, according to Gorup-Besanez, is C20 He Clo ()« . Gerhardt 
suggests the much more probable formula Cm H* Cl 1 O* , which 
makes the compound homologous with chloranile, Ci 2 C 1 * 0 *. In 
the latter, no hydrogen is left, because the wholo 4 eq. has been re- 
placed by ohlorine, informing it from quinorte (kinone), C12 II* 0 * . 
We may therefore suppose that, as chloranile is quadrichlorinised 
quinone, so the ohlorine compound from creosote is derived from a 
body Ci 6 Its 0 *, homologous with quinone. And as chloranile is 
also to he obtained from carbolic or phenylic acid, C12 Ha 0 2 , so 
we may conceive the chlorine compound from creosote to be 
derivable also from the body Cm H10 O a , homologous with 
carbolic acid. Now creosote may perhaps be the body Cm Hb Oi, 
homologous with quinone ; or it may be the body C10 II 10 O2 , 
homologous with carbolic acid. Its great resemblance to carbolic 
acid renders the latter the more probable view, and it also agrees 
much better with the analyses of creosote, which have led some to 
adopt the formula Ci* H 8 O3 ; but these analyses are not suf- 
ficiently accordant to decide between Ci* II« Oa and Cm JI10 O2 , 
both of which, be it observed, are homologous with carbolio acid. 
It is probable that both compounds exist, and that they resemble 
each other as well as carbolio acid. This reminds us of the 
homologucs of nicotine in tobacco, and of narcotine in opium ; and 
leads to the notion of the following series : — 

Carbolic acid . . . Cia He Oa 

Metbylocarbolic acid . Cu Hs Oa 

Etbylocarbolio acid . Cio H10 Oa 

Ainylocarbolic acid . . Caa Hm O2 

The second and third acids would, of course, bo very similar to 
each other and to carbolio acid, and would, in fact, be two of tho 
acids represented in the 7 th line of the table, p. 141 . Probably all 
these acids are creosotes, and the three first of those above named 
probably occur all togethor, in variable proportions, in tho 
creosote of commerce, even if nono of those higher in the scale, 
Cm II 12 Oa, C20 Hu Oa, or Caa Jim Oa, should accompany them, 
which is not probable. The fact that creosote has the aoid 
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character, as well as the smell of carbolio acid, is favourable to 
this view ; but we must not forget, that there is another series of 
homologues, in a certain sense, of carbolic acid j namely, carbolatc 
of mctliylo or phenometole, carbolate of ethyle or phenetole, and 
carbolatc of amylc or phenamylole, already mentioned, having the 
same formulae, empirically, as our supposed methylocarbolic, 
ethylocarbolic, and amylocarbolio acids. These, however, pheno- 
metole, &c., are neutral ethers, and not acids. 

There is still another series, homologous with carbolic acid, 
empirically, the first of which is benzoic alcohol, Cu IPs O 2 . 
The cuminic alcohol is also known, its formula being Cm H 12 O 2 . 
These are oils, quite distinct from the creosotes, as well as from 
tho series last named. In all these series methyle, ethyle, &c.. f 
aro substituted for hydrogen ; but sometimes for part of the 
hydrogen in the acid radical ; at other times, for the hydrogen of 
the water combined with that radical, or for part of the hydrogen 
in the basic substance combined with the acid. 

Such is the view we are disposed to take of the real nature of 
creosote, by which the creosote of commerce will bo a mixture of 
several homologous acids, carbolic acid being the first. 

Creosote dissolves many organic substances, such as indigo, 
camphor, fats, essential oils, and resins, and undergoes numerous 
changes by the action of acids, alkalies, and other reagents, such 
as chlorino, potassium, and others. With oil of vitriol it is 
coloured purple, and appears to form a coupled acid. None of 
these reactions or products have been properly investigated, 
and we shall, therefore, not confuse the reader by a description 
of them, more especially as tho composition of croosoto itself is 
doubtful. 

b f Picamar is the name given by Reiehenbach to another oil 
discovered by him along with creosote in the heavy oil of tar. It 
is purified by a tedious process, by the aid of potash, with which 
it forms a crystalline compound. When pure, it is a colourless 
oil, of Hp, O. 1*10, of a burning and very bitter taste (hence its 
name from pix and amarus ), and a slight smell. It boils at 
about 510°. It combines with alkalies, forming crystallisable 
salts, and may thoreforo be viewed as an acid in some sense, 
although it is quite neutral to tost paper. Its composition is 
unknown. As it i9 a feeble acid, it may be, as we havo supposed 
creosote to be, a homologue of carbolic acid, and one of those high 
in the scale, possibly amylocarbolio acid, C 22 H 10 O 2 . 

e. Capnomor (from Karrvba } smoke, and nolpa y part) is another 
oil discovered by Reiehenbach, in the heavy oil of tar, along with 
creosote and picamar. When the creosote is purified by a solution 
of weak potash, tho oil left undissolved contains a good deal of 
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oapnomor, wlrioli is purified by a tedious prooess. It is a limpid, 
colourless oil, of a high refracting power, with an aromatic odour 
of ginger, and a somewhat styptio after-taste. Its Sp, G. is 
0-9775; it is quite neutral, and boils at 365°. With sulphuric 
acid it is coloured red, and yields a coupled acid. Nitric acid 
converts it into oxalic acid, nitropiorio acid, and anothor crystal- 
line substance not yet examined. 

d. Eupion (from *3, fine, and fcv, oil or fat) is a fourth oily 
liquid discovered by Reichcnbach in oil of tar. Being more 
volatile than the rest, it is purified chiefly by reotilication. When 
pure it is colourless, very fluid, not greasy to the feel, but less 
soft than water, tasteless, and of a somewhat agreeable odour, 
like that of some flowers, such as narcissus. Its Sp. G. is 0*740, 
and Reichcnbaoh states that he has oven obtained it so low as 
0*633, being the lightest known liquid. It is volatile, boiling at 
117° or lower. It is in the highest degree indifferent, resisting 
the action of the strongest acids and alkalies. In fact, as it is 
prepared from the oil of tar by rectification and the action of 
potash, sulphuric and nitric acids, alternately on the rectified oil, 
it is evident that it must resist these agents. There is good reason 
to believe that several, even many, different liquids havo been 
described under this name, and that most of these are not ready- 
formed in the tar, but produots of the action of acids, &c., on the 
oil of tar. Iieichenbaeh, however, by simple rectifications of the 
oil obtained by distilling rape oil, obtained a liquid having the 
characters of eupion. So much is certain, that similar liquids are 
formed by the action of oil of vitriol on oil of tar. The whole of 
the liquids called eupion are carbohydrogens, and their formula 
is either C II, or some multiple of this, or else ono nearly approach- 
ing to such a multiple, as Cm Ilia, &c. It is very remarkable that 
some of them are very volatile, while others, apparently of the 
same composition, require a strong heat, from 400° to 500° for 
example, to boil them. This, however, is just what we might 
anticipate in a series, or a mixture of two series of homologous 
compounds. Indeed, the most recent researches indicate that the 
name eupion includes many of the lower members of a homologous 
series of carbohydrogens, possibly the hydurets of the acetylic 
series of radicals, possibly also hydurets of the ethylio or electro- 
positive radicals. 

The purest varieties of eupion burn with the aid of a wick, 
yielding a very brilliant, lumiuous white flame, free from smoke, 
and may hereafter be turned to account. 

3. Solid' Products of the Distillation of Wood . 

a. Paraffine. This name is given (from parum and affinis , 
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because its affinities are feeble) to a white solid volatile substance 
very similar to wax, discovered by Reiehenbach in tar, It occurs 
in the last portions of the rectification of the tar, which are semi- 
solid. It is squeezed out, and purified by one or two crystallisa- 
tions in ether, which dissolves it when boiling, and deposits it on 
cooling in beautiful silvery soales. These, when melted, assume, 
on cooling, the aspect of pure white wax. 

Paraffine exists in large proportion in the Rangoon petroleum, 
and some other bituminous mineral products. It is formed in 
large quantity in the distillation of wax and of peat. It melts at 
110°, and distils unchanged at a high temperature. Its Sp. G. is 
0*870. It burns, in a wiok, with a beautiful clear white light, 
free from smoke, fully equal to that of the finest wax, if not 
superior to it. Likoeupion, it is highly indifferent, and it is, like 
eupion, a carbohydrogen, containing either C H, or some multiple 
of it, or a near approach to such a multiple. According to Lewy, 
it is Cao Hai, or rather C*o H*a ; hut there is reason to believe that 
many compounds have been confounded under the name of paraf- 
fine, and that it includes all the higher members of the series, 
Cn Hu (n being 2 or 4, 6 , 8, 10, &c.), which aro derived from the 
acids (Cu Hn ) a 0* , and of which several have been described, as 
methylene, ethylene, propylene, butylene, &c., and which are 
really the hydurets of the radicals of these acids. Under the 
vague term paraffine may also bo included the higher members of 
the scries, C«Hn + *, the hydurets of the ethylio or electro- 
positive radicals. Brodie gives reasons for thinking that the 
paraffine of wax contains the two compounds Cm, IIm and Coo Ha o, 
the former derived from ccrotio, the latter from melissio acid. 
There is also reason to believe that tlio compounds Cm Hso and 
Cao Ha* occur in what is oalled paraffine, along with others of the 
same series, lower in the soale, such as that analysed by Lewy, 
which is either C*o ILo, C*o H*a, C±o Hw, or C«> H**. It is 
acted on by chlorine with the aid of heat, but the reaction 
is not yet studiod. The strongest acids and alkalies do not act 
on it even with the aid of heat, if we except fuming sulphuric 
acid. 

By the distillation of the most bituminous kinds of cannel coal, 
such as the Boghead cannel coal, or Torbanehill mineral, as it has 
been called (which, so far as I can judge, appears to be a true 
cannel coal, containing a larger proportion of the bituminous con- 
stituent of coal, and consequently a larger proportion of hydrogen, 
than any other), there is obtained, especially when as moderate 
a heat as possible is employed, a very largo proportion of oils, 
containing some solid carbohydrogens. By rectification there 
may bo obtained oils which are as volatile as camphine or nearly 
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so; then, oils which are less volatile, but do not deposit any 
crystals, oven in cold weather, and lastly, oils, still less volatile, 
which in cold weather deposit crystals, and lastly, such as are 
solid or semisolid at the ordinary temperature. 

The less volatile liquid oils of this process are sent into com- 
merce as paraffine oil, and they are no doubt homologous with 
paraffine, whatever may be the true formula of that substance, or 
rather series of substances. Paraffine oil is fluid, but not too 
volatile, and it is not oxidised nor thickened by exposure to air. 
It is therefore most valuable for oiling machinery, and all the largo 
quantity of it made is instantly purchased for this important use. 
When thus used, it slowly evaporates. Tho more volatile por- 
tions, which would evaporate too fast to be used in machinery, 
may be used in lamps as camphine, and aro probably a mixture of 
camphine and oils homologous with it. 

All these substauces have tho same or very nearly the samo 
composition in 100 parts, and do not differ in any oases more than 
homologous compounds do. In tho series Cn Iln, all have the 
same composition ; in the series On Iln + 2 , tho lower members 
differ somewhat from the higher, but the higher oome very near 
to those of the other series, as well as to each other. Such is a 
general \iew of what is kuown conoorning eupions, paraffines, and 
paraffine oils. It will bo scon that tho gaseous, liquid, and solid 
products of the distillation of wood or the bituminous matter of 
coal, derived from woody matter or cellulose, pass into ono 
another by insensible gradations, and that the carbohydiogens 
thus formed are astonishingly numerous, but all possess analogous 
properties. 

b. Cedriret . This is another compound discovered by lteichen- 
bacli in oil of tar. When impure creosote is dissolved in potash, 
and acetic acid added, an oil separates, which contains the creosote 
and other oils ; but a certain quantity of oily matter remains 
dissolved in the acetate of potash. This is distilled, until what 
passes over causes a red precipitate in a solution of sulphate of 
iron. It is then collected separately, being pure cedriret. It is 
a \olatile solid, which crystallises in a solution of sulphate of iron, 
forming a net- work of orange- red crystals, which, dissolve in oil 
of vitriol with a blue colour. Much of the colour of oil of tar 


is probably owing to this substance 


'tucal. This is obtained by Reioh- 

the heaviest portions aro 
the addition of barytio water gives 
IPspoIue colour* This belongs to pittacal, but the mode 
infteation is not yet published. When pure, it is a solid, 
Igo, of a very fine deep blue colour, exhibiting on tho 
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polished surface the aspeot of gold. It admits of being fixed on 
cloth, and would make a valuable dye-stuff. Its composition is 
unknown, but it appears to contain nitrogen. Its name is derived 
from iriTTctj pitch, and ko\os, beautiful. It is a compound of very 
great interest, although most probably a product of decomposition 
of the oil of tar, and not ready formed in it. It is very desirable 
that it should bo further investigated. 

The recent experiments of Greville Williams on the salts of 
ethyloquinoline, alluded to under the volatile artificial bases, 
suggest the idea that the beautiful blue compound, with golden 
surface, obtained by him, may bo identical or homologous with 
pittacal. The blue compound of Williams seems to be basio, 
and contains nitrogen. It is therefore possible that pittacal may 
be derived from quinoline existing in the oil of tar used by 
lieichenbach, although it has not yet been shown to exist in 
wood tar. But wood, though it oontains little nitrogen, must 
contain some, and therefore basio oils aro to be looked for in 
wood tar. 

d. Pyroxanthine . This is a volatilo crystalline solid, first 
observed by Seanlan in the crude pyroligneous spirit. When this 
is rectified with lime, the lime becomes dark-brown ; and when 
this coloured mass is aoted on by hydrochlorio acid, there is left 
undissolved a dark-brown matter, which is a mixture of pyroxan- 
thine and a resinous matter. The mass is boiled with hot alcohol, 
which, on cooliug, deposits the pyroxanthine in crystals, which 
are purified by recrystallisation. They aro of an iutense yellow 
colour, fusible, and volatile in a current of air, or with the vapour 
of other substances, but partly decomposed when heated alone in 
a dry tube, Pyroxanthine dissolves in sulphuric acid with a deep 
bluish-rod, and in strong hydrochloric acid with a splendid purple 
colour, which soon passes to dark-brown. I found its composition 
to be very nearly C21 Hq O* ; but as it forms no definite compounds, 
I oould not control the analysis. 

Such are the chief products of the distillation of wood, as far 
as they are yet known. Their importance is very great, and will 
be still greater wheu they shall have been better studied, as 
most of them will admit of useful applications. But no doubt 
can be entertained that the above numerous list is far from being 
complete, and that more compounds remain to be discovered in 
tar. Indeed, several or most of the carbohydrogons characteris- 
ing coal-tar occur also, although in smaller quantity, in wood- 
tar. Such substances are naphthaline, anthracene, and others. 
It is to he borne in mind that the composition of w r ood-tar varies, 
according to the kind of wood, the presence or absenoe of oily or 
resinous substances, the comparative abundance of nitrogenised 
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matter, and finally the temperature at which the distillation is 
earned on. 

Wood) coal , and brown coal or lignite y yield, when distilled, 
an oil of the eonsistence of butter, in which creosote, parafiine, 
paraffine oils, and eupion, are found, along with other products 
not yet examined. 


rnomTCTs of the distillation of coal. 

Coal differs from wood in several points, although it is unques- 
tionably derived from the decay, under pressure, of woody fibre 
and the other substances which make up the mass of the early 
vegetation of wliioh our coal-beds aro the remains. Coal, when 
examined by the microscope, is found to be a mixture, in which 
we can generally detect the remains of vogc table cells and vessels. 
But the cellulose has been converted into a peouliar substance, 
which contains very little oxygen, and is dark in mass, but in 
thin slioes yellow. It is easily melted and burns with much 
luminous flame, and by its melting, causes the caking of coal. 
Some kinds of coal have been so far altered that none of this 
matter is present, and the coal burns, like colcc, without flame, 
that is, without the yellow flame of coal or coal gas. Suoh coal 
*is called anthracite or blind coal. Ordinary cool contains more 
or less of tho yellow fusible matter, which is called bituminous, 
but is quite different from natural bitumen, for the latter dis- 
solves easily in ether, naphtha, or oil of turpentine, which have 
no solvent action on the yellow substance of coal. In cannel 
coal* this yellow matter predominates, so that such coal takes fire 
at a candle and burns with muoh flame and light. It also yields 
tbe most and by far the best gas. The best cannel coal is that of 
Boghead, or that of Torbanehill, which are from tbe same bed, 
and which contain more of the yellow or bituminous matter, and 
fewer remains of woody oells, than any other kind. This coal is 
much prized as a gas coal, and also as yielding paraffine oil, when 
distilled at a moderate heat, as has been explained under paraf- 
fine. AU coals, between anthracite and tbe Boghead cannel coal, 
are mixtures, of the yellow matter with moro or less of coke, or a 
substance closely resembling it, which in anthracite is nearly 
pure. In the Boghead coal, on the contrary, the fusible matter 
predominates entirely, while the coke is absent or nearly so, and 
woody oells are rare, apparently because the vegetable matter 
which yielded that coal was either not wood, or wood and other 
vegetable tissues first reduoed to a pulp. The rounded masses of 
the yellow matter seen in the Boghead coal under tho microscope 
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arc supposed to derive their form from cells which had existed. 
•The amount of ash or earthy matter in coals varies from 3 or 4 
per cent, to 30 or 40 per oent. ; because clay and sand havo often 
been mixed with the vegetable matters in the process of carbo- 
nisation, to a greater or less extent, by the action of water. 

Coal contains much less water, and a much larger pcr-centage 
both of carbon and nitrogen, than wood. Hence it is decomposed 
at a higher temperature, and yields much ammonia, oyanogen, 
and other nitrogenised products. Wo shall not here dwell on 
ammonia and cyanogen, further than to mention that out of the 
aqueous products of the ooal gas-works large quantities of ammonia 
are obtained ; and that so much hydrocyanic acid is also present, 
that a patent was taken out some years since for tho preparation 
of Prussian blue from the gas liquor. We proceed to describe tho 
chief ingredients of coal-tar. 

a. Carbolic Arid. Srx. Ilydrated Oxide of Phenylc, Cia H» 0, 
H 0. This remarkable acid is found in that portion of the oil of 
coal-tar which boils between 300° and 400°. This is agitated 
with twice its volume of potasli ley, and the aqueous solution, on 
tho addition of an acid, yields hydrated carbolic acid (impure) as 
a heavy oil. It is purified by rectification with a very little solid 
potash. 

When puro, carbolic acid generally appears as an oily liquid, 
oolourless, and of a high refracting power, neutral to test paper, 
of Sp. G. 1*062 to 1*065. It has a burning taste, and tho odour 
of creosoto, to which it has a very great resemblance. In certain 
circumstances it forms long, needle-shaped crystals, which very 
readily lose tho solid form by exposuro to the atmosphere, and 
which also liquefy in sealed tubes, without any obvious cause. 
The crystals melt at 94°, and boil at 368°. The extraordinary 
resemblance between carbolio acid and creosote has been noticed 
above ; and there can be little doubt that, if not essentially the 
same, they are closely connected and belong to the same series, or 
are homologous compounds. Indeed, Stiideler has extracted from 
the urine of the cow not only carbolio acid, but also an acid 
homologous with it, which he calls taurylic acid, Ci* Hs Oa . 
It is probable that this acid will prove to bo identical with 
oreosoto. 

A splinter of pine-wood, if dipped, first in carbolic aoid, and 
then in moderately strong nitrio aoid, becomes of a deep blue, 
which soon passes into brown. 

According to Laurent, carbolio acid is the hydrated oxide of 
phenyle, Cia H«, and its formula is (Cia Hs) 0, H 0. This radioal, 
phenyle, gives rise to a series of derived compounds which may 
be represented as follows ; — 
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Hydrate of Phenyle, or Carbolic Acid 

Sulphocarlxdic Acid (Sulphoplienic 1 
Acid) J 

Clilorophenesic Acid . . . 

Chlorophenisic Acid, identical witli 1 
the Chlorindoptenic Acid of > 
Erdmann J 

Chlorophenusic Acid, Chlorinised "1 
Chlorindoptenic Acltl of Erd- > 
maun J 

Bromophenisic Acid .... 


Nitropbenesic Acid . . . . 

Nitrophenisic Acid, identical with 
Nitropicric Acid 

Phenylamide (Aniline) . . . . 


Cia 

Cia 

Cia ^ 

Cia 

Cl* 

Ci* j 
Cm ■[ 

Cm j 
Cm Hi 


Hs, 0 + HO 

Hs 0, II 0 + 2 S Oj 

cu }°- H0 
cu } 0,H0 

Clfi 0, H 0 
fe }°> no 

2koJ°> HO 

3koJ°’ HO 


Thus the carbolic acid is connected with the derivatives of 
indigo, of salicylo, and other bodies, which yield nitropioric acid. 
This connection is also shown in the formation of chloranile, 
from carbolic acid, by the action of chlorate of potash and 
hydrochloric aoid. (See, under Indigo , the formation of chloranile 
from aniline.) It is also shown, by the faot, that salicylic acid, 
C 14 Ho Go, when distilled alone, with lime, or with pounded 
glass, is resolved into carbonic acid, 2 C Os, and carbolic aoid, 
Cia Ho Oa . The action of carbolic acid, on organic compounds, 
is the same as that of creosote. Thus it dissolves indigo, &o. 
and coagulates albumen, preventing the putrefaction of animal 
substances. 

With bases, it forms salts, some of which crystallise, but which 
retain un alkaline reaction. With oil of vitriol, it yields a coupled 
acid, sulphocarbolic, or sulphophenio acid, which forms a soluble 
salt with baryta. 

The formula* in the above table illustrate tho formation, by sub- 
stitution, of the chlorophenesic, ohlorophcnisie, and chlorophenusio, 
of the nitrophenesic and nitrophenisio acids. It is not necessary 
here to do more than point out their relation to carbolic acid and 
phenyle. The chlorobenzide of Mitscherlioh, Cia Ho Cl# is, according 

to Laurent, hydrochlorate of chlorophenise, 3 H Cl -f Cia j ^ . 

This last body, ohlorophenise, which is obtained by the action of 
potash oil chlorobenzide, would appear to be derived by sub- 
stitution, not from phenyle Cia H# , but from benzole Cia H# ; 

although it may be derived also from oxide of phenyle, Cia j q 6 \ 

as may benzole itself* Chlorophenise cannot be obtained direotly 
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from hydrate of phenyle, or its derivatives : but, on the other 
hand, tho series of benzole has an obvious relation to that of 
phenyle. In fact, Laurent considers benzole as in some measure 
the fundamental compound, or nucleus, and calls it phene = 
Cia He . It is probably rather the hyduret of phenyle, Cia He 
H, =£ Cxa lie . 

It has already been stated that nitrophenisic acid is identical 
with nitropicric acid. Nitrophenesio acid is somewhat similar, 
and forms salts which crystallise with facility, and detonate when 
heated. The nitrophenosate of baryta is a beautiful salt, like bi- 
chromate of potash. 

Oxyphenic Acid. Syn. Pyrocatechme . Pyromorintannxc Acid. 
C12 Ho O*. This acid is formed in the destructive distillation of 
catechu, or of morintannio acid, as well as in that of gum-ammo- 
niac and pencedanine. It is crystalline, soluble in water, and 
has a smell like that of carbolic acid, from which it differs 
only by 2 eq. of oxygen. It is also volatile. 

By the action of chlorine it is converted into chloroxyphenio 

or cliloroniceic acid, C12 j CL . This acid is best obtained by 

the action of chlorine on a solution of benzoate of potash. It 
forms small crystals, grouped in radiate masses. With nitric 

H* ) 

acid it yields nitrochloroniceio acid, C12 Cl > 0* , along with 

NOJ 

an acid, which is oitraconio acid, in which 1 eq. of hydrogen is 
replaced by chlorine, and another by N 0* . 

By the action of heat on chloroniecic acid, there is formed a 
oarbohydrogon, paranicene = C20 Hia , which is a yellow, crys- 
talline, volatile solid. Nitric acid converts it into nitroparanicenc, 

Cao no* I • 

Along with paranicene thcro is formed a liquid, which is bichlo- 
ronicene, Cao j * Nitric acid oonverts this into a new com- 

1I» ) 

pound, C20 2 N CL [ . 

Cia ) 

When tho two nitro compounds last named are acted on by 
sulphuret of ammonium, they yield two bases ; paranicine , from 
paranicene, which is C20 Hia N, forming white Hocks, soluble in 
ether ; and chloronicine, C20 Hia Cia N. Both#these bases form 
crystalline salts with acids. 

Oxypicric Acid, Syn. Kitr oxyphenic Acid . Cia j CL . 
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This acid, which has also been named styphnio acid, and arti- 
ficial bitter, or the artificial tannin of Brazil wood, is evidently 
derived from oxyphenic acid ; but is formed by the action of 
nitric acid on various gum resins, as ammoniac, assafcetida, galba- 
num, sagapenum ; or on the watery extracts of Brazil wood, Cam- 
penety wood, or sandal wood ; on euxanthio acid, or on peucedanine. 

It forms minute crystals like fern leaves, or large yellow 
prisms. It is sparingly soluble, and has an astringent taste. It 
explodes slightly when suddenly heated. Its salts explode, 
when heated, much as the picrates do. 


ft. Volatile Bases of Coal Tar . 

Besides carbolic acid, Itunge found in coal-tar two other acids, 
rosolic and brunolic acids (of which little is known), and three 
basio volatilo oils, kyanol , leukol f and pyrrol . Tho last lias been 
little examined; but the recent researches of Hofmann have 
confirmed Bunge’s statements as to the two first, which have 
also been identified with bases produced from different quarters, 
namely, aniline and quinoline or lcucoline. These bases have 
already been fully described under the head of volatile artificial 
alkaloids. 

According to Anderson, there exists a scries of bases called 
pyrrole bases, which are bases of the aniline or of the picolino 
series, coupled with a red compound. 

That there is a relation between aniline and oarbolio acid 
appears from their formulae ; for aniline is the amidide of carbolic 
acid, or phenamide f being thus deduced from carbolate of ammo- 
nia. Cia JIs 0, NHs = HO + C12 1H, N Ha. Tho relation 
may he better exhibited thus : 

Carbolic Acid (anhydrous), or Oxide of Phenyle = C12 Hs 0 
Aniline, amaphenase, or pbcnylamide . . = C12 Hs Ad 

As another experimental proof of this relation, it may bo 
mentioned that salicylamide, Ci* Ha CU, N Ha = Ci* H 7 N (h, 
which has the same composition as nitrotoluole and anthranilio 
acid, both of which yield aniline, when heated with lime gives 
not aniline but carbolic acid, ammonia, and probably a carbo- 
hydrogen. 

It will be remembered that piooline is isomeric with aniline. 
This isomerism ^ tends to toluidiue and lutidine, Cu H 9 and 
also to the higher members of the aniline and picoline series. It 
depends on the fact, that while aniline is an amide base, picoline 
is a nitryle base, and so on. 
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c. Volatile Carbohydrogena in Coal Tar. 

Naphthaline , Cio II* , or C 20 ITs . This remarkable com- 
pound occurs in all kinds of tar, but most abundantly in coal-tar, 
as being formed at a very high temperature. It is formed in 
additional quantity when any of the elements of oil of tar, suoh 
as creosote, carbolic acid, &o., or even alcohol and ether, arc 
passed through tubes heated to a strong red-heat. It is easily 
obtained by redistilling coal-tar, when the latter portions are so 
full of naphthaline as to be semisolid. It is well squeezed out, 
and purified by sublimation and crystallisation in hot alcohol. Or 
the oil of ooal-tar is saturated with chlorine gas, which, by destroy- 
ing some of the oils, allows the naphthaline to crystallise. 

Puro naphthaline is colourless and volatile, and forms large 
tabular, transparent crystals, of a very peculiar smell, and an 
acrid aromatic taste. It boils at 411°, but distils easily with the 
vapours of water, and is dissipated, like camphor, if left exposed 
at the ordinary temperature. 

It is acted on by chlorine and bromine, which combine with 
it in the first instance, and also give rise to a large number of 
compounds formed by substitution ; and by sulphuric and nitric 
acids, each of which produces a number of new compounds with 
it. These changes have been studied with singular perseverance 
and remarkablo sagacity, by Laurent, more especially the action 
of chlorine, bromine, and nitric acid. His researches have been 
attended with unusual suoccss, and he may be said to have 
originated and established, by these researches, the now received 
doctrine of substitutions. I cannot hope to givo even an accurate 
outline of all that Laurent has dono in this department, because 
I have nowhere seen a complete account of these curious results 
as they now stand : but I shall place’ before the reader such a 
general account of them as may show the great importance of the 
subject, and some of the interesting facts already ascertained. 


b A ction of Cldorine and Bromine on Naphthaline . 

(It is necessary here to explain the principle of nomenclature 
provisionally adopted by Laurent, especially for cases, like this, 
of substitutions, where the ordinary nomenclature is entirely 
inapplicable. The nomenclature of Laurent may be thought 
by some, uncouth ; hut it is simple, systematic, and consistent 
with itself. Beginning with naphthaline, he gives to the com- 
pounds formed by the successive substitution of chlorine for 
hydrogen, names beginning with chlo, and ending with a syllable 
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in which the vowels a, e, i, o, and u, are employed to designate 
the replacement of 1 , 2 , 3 , 4 , and 5 eqs. of hydrogen. Thus, if 
in naphthaline, C20 Ha , 1 eq. of hydrogen is rei>laced by chlorine, 

we have the compound C20 This is called chlonaphtec. 

The compound C20 j q* is chlonaphfese ; Oao j ^ is chlonaph- 

tise, &c. The corresponding compounds of bromine are bro- 
naphtae, bronaphfese, and bronapli^sc. When wc get as far as 

chlonaph/wsc C20 j ^ , as there aro no moro vowels, wo Login again 
with a , adding a syllable to the word. Thus C20 | is clilo- 
naphfa/ase ; Can | ^ is cblonaplifafcse, and Cm Cls is clilonapli<«- 


lise, and so on with bromine. When hydrogen is replaced, partly by 
chlorine, partly by bromine, then the natuo is so constructed that 
the final syllable indicates the sum of the equivalents of chlorine 
and bromine, whiio both chlorine and bromine are prefixed. 

Thus, cblonapbtose is C20 


| and the compound C20 


lit 

Oh 

Ur 


( H* 

is chlortbronaplitfose ; Can 1 Cl is chlorabronaphfos*?. The former 
( Bra 

of these two may also bo bromachlonaph tose^ and the latter 
bro m ?‘ch Ion a ph to sc. We shall see, hereafter, that it may bo 
necessary to use both forms to distinguish different compounds 
which are isomeric. Again, whore hydrogen is replaced by N Ot , 

we have (N 0 * being represented by X), C20 j nitronaphtase, 
and so forth. In liko manner, if II wero replaced by Ad 
(Ad = NHa), we should have C20 =r Cao IIo X. This 

would be called amanaphtase ; and such a compound has been 
already described tinder the name of naphthalidine, or naphtyla- 
mine. It is evident that this nomenclature, although it gives rise 
to words of a singular aspect, is yet easily understood, and may 
even, in many cases, serve as well as a formula to remind us of 
the composition, Laurent has applied it to many other series, as 
we have seen in the sories of phenyle, where we have chlorophe- 
nesic, chlorophenisic, and chlorophenusio acids, &c. In previous 
sections we have used another nomenclature for substitution com- 
pounds ; e. ff . , chloraniline, diehloraniline, trichloraniline, &o. 
This might also be used here. 



PRODUCTS FROM NAPHTHALINE. 


47d 


When ohlorine is brought in contact with naphthaline, tho 
latter melts, and there are formed at once two compounds of 
ohlorine and naphthaline ; the chloride of naphthaline, Cao Hh 4- 
Ck ; and the suhchloride of naphthaline, C20 Hs -f Ola . At the 
same time hydrochloric acid is disengaged, arising from the 
action of chlorine on one of these chloridos. The former is a 
solid, which is best purified by solution in hot oil of petroleum, 
which deposits it, on cooling, in crystals. It may also be puri- 
fied by means of boiling ether, which dissolves it to a certain 
extent, and deposits it on cooling. Chloride of N is decomposed 
by heat, yielding no less than four different isomeric forms of 
clilonaphteso. An alcoholic solution of potash converts it into 
two more forms of chlonaphtcse. It is also acted on by chlorine, 
bromine, nitric acid, and sulpliuret of ammonium, yielding many 
new compounds. 

Subchloridc of N is an oily liquid, which by the action of 
heat is partially changed into hydrochloric acid, and ono form 
of chlonaphtasc. An alcoholic solution of potash also converts it 
into chlonaplitaso and chlorido of potassium. Chlorine converts it 
into two chlorides of chlonaphtasc, isomeric but distinct ; if the 
heat is too strong, there is formed ono kind of chlonaphtise. 

When bromine is made to act on naphthaline, no bromide of N 
is formed, but hydrobromic aoid is separated and bronaphtase is 
produced. 

Chlonaphtasc , C20 (ILr Cl), is obtained by acting on subchloridc 
of N by alcoholic solution of potash. On the addition of water, 
an oily liquid separates, which is purified by rectification, and is 
then chlonaphtasc. No isomeric modification of it is yet known, 
but the existence of such is extremely probable. Bromine acts 
on it, converting it into bromide of chlorabronaplitese, Br* C20 
He Cl Br. 

Bronaphtase , C20 (H7 Br), is formed by tho direct action of 
bromine on naphthaline, care being taken to avoid excess of 
bromine, which would form bronaphtesc, and excess of naph- 
thaline, which would remain unchanged. Bronaphtase is a 
colourless oil, decomposed by chlorine and bromine, the latter 
converting it into bronaphtese and the products of the further 
action of bromine on bronaphtese. As yet only one form of 
bronaphtase is known. 

Chlonaphtese , C20 (Ho Cla), occurs in no less than seven diffe- 
rent isomeric forms. These are distinguished by Laurent as 
modifications a, c, ad, e, /, x and y, but L am not aware of tho 
principle on which these letters are selected, a , c , f, and x , axe 
obtained by the action of heat on tho ohloride of N ; ad and e 
by boiling chloride of N with tincture of potash ; and y by the 
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action of chlorine on uitronaphtese. a and x are liquid ; all the 
rest crystallise easily. The soiid forms have each a different 
point of fusion, and the whole seven give different results 
when acted ou by chlorine and bromine. Since, therefore, the 
composition of all seven is the same, we are oompeiled to adopt 
the conclusion that it is not the same 2 eqs. of hydrogen which 
are replaced by chlorine, and that it is not indifferent whioh 
equivalents of hydrogen are thus replaced, but that, on the 
contrary, the properties of these compounds depend on the 
particular equivalents or molecules of hydrogen replaced by 
chlorine, and that consequently the arrangement, or relative as 
well as absolute position of these molecules in the compound 
molecule, is a matter of far greater importance (at least, in this 
and other analogous cases), in reference to chemical characters, 
than the properties of the elements, or their place in the electro- 
chemical arrangement. 

Referring to what I have said on the subject of types, at 
pp. 12 — 19, I would horo point out that naphthalino is a type, tho 
molecule of which is made up of 20 equivalents (not single atoms, 
but molecules) of carbon, and 8 equivalent molecules of hydrogen ; 
and that chlonaphtese is a subtype, in which the 20 molecules of 
oarbon are associated, as in the fundamental type, with 8 other 
molecules, not all as before of hydrogen, but 6 of hydrogen and 
2 of chlorine, a body usually considered as entirely opposed to 
hydrogen, clilorino being strongly negative, and hydrogen strongly 
positive. Yet the type remains unchanged, and wo cannot help 
seeing that the two molecules of chlorine, in virtue of their posi- 
tion in reference to the 20 of carbon , arc playing the part of 2 
molecules of hydrogen. 

Further, if we conceive the 8 molecules of hydrogen in the 
fundamental type to occupy each a fixed position, in relation to 
the 20 of carbon, we see from the wonderful phenomena just 
indicated, namely, from the existence of seven distinct forms of 
chlonaphtese, that, in each of these, a different pair of molecules 
of hydrogen has been replaced by chlorine. If tho 8 molecules of 
hydrogen be supposed to be numbered, according to the fixed 
position of eaoh in the compound molecule of the type, then we 
can see that in chlonaphtese o, the molooules 1 and 2 may bo those 
replaced, while in c the molecules G and 7 may be those replaced 
by chlorine, and so on. It is oasy to calculate that in this way at 
least 28 different isomeric forms of chlonaphtese may exist, and of 
these seven are already known. 

Our space will not adj$it of details on, the different forms of 
chlonaphtese, but I have thought it indispensable to explain the 
view now taken of these singular compounds, in a general way. 
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It is evident that we may expect much light to bo thrown on the 
obscure subject of the molecular arrangement of compounds by 
continued researches in the same direction. The recent progress 
of those departments of physics fahich are most closely allied to 
chemistry, has established the existence of certain relations 
between the atomic weight and constitution of compounds and 
their physical properties, such as volume or density, volatility, 
state in regard to cohesion, solidity, fluidity, &o., and crystalline 
form. 'VVc now see a prospect of tracing the connection between 
the molecular arrangement of oompound bodies and their che- 
mical properties ; and we may even hope hereafter to be enabled, 
simply by accurate observation of the external properties of a 
body, physical and chemical, to ascertain its composition and 
constitution ; and also to predict with accuracy the properties of 
compounds yet unformed, the formation of which will probably 
become a problem, solvable by a few rules of universal application. 
An excellent illustration of this has lately been given in the 
prediction of Liebig in 1839, of the properties of volatile bases, 
discovered in 1849 and 1850 — 51, by Wiirtz and Hofmann. The 
prediction was fully verified, and the processes employed were 
such as admit of very wide application. (See Ethyle , Methylc, 
and Artificial Organic liases). 

For the present, wo have only the distant prospect of these 
results ; hut we have only assiduously to pursue the study 
of nature on true inductive principles, in order to be here- 
after enabled to bring into order the chaos, so to speak, of 
interesting and important observations, the number of which 
is hourly increasing, while a large proportion of them have 
not yet found a use or an application. We must now return to 
the derivatives of naphthaline, which wo have only space briefly 
to name. 

Bronaphtcse , C20 (11s Bra ), is easily formed by the action of 
bromine on naphthaline or on bronapbtase. It is a crystallisable 
solid, and probably corresponds to cblonapbtese, c. Only one 
bronaplitese is yet known. It forms several compounds with 
bromine. 

Chlonaphtiscy C20 (IIs CI3), occurs in six different forms (out of 
53 'which are possible), a, ac f c, </, d y and ad, all of which are 
crystallisablo solids. They are obtained in different ways : a by 
boiling with tincture of potash the oilymodification of chloride 
of ohlonaplitase ; ao by the action of chlorine on chlonaphtese ad , 
melted ; aud y along with some of a, by boiling with tincture of 
potash the crystallised chloride of chlonaphtase ; d by distilling 
the crystallised chloride of ohlonaphtaso ; and ad by boiling with 
tincture of potash the double chloride of naphthaline and of 
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chlonaplita.se ; a is converted by chlorine into ohlonaphtose a ; 
and bromine converts it into chloribronaphtose a. 

Bronaphtise y C20 (H» Bra ), is obtained by heating the bromide 
of bronaphtise, when bromine is given off. It is orystallisable. 
Only one form is yet known, 

Chlonaphtose f Ceo (H4 Ck ), occurs in four isomerio forms, a t b , e, 
and out of a very large number which are possible. They are 
all orystallisable. It is unnecessary tp mention the methods 
employed to obtain them, which are analogous to those already 
described for chlonaphtise or chlonaphtese. 

Bronaphtose , C20 (IU Br* ), appears to exist in two forms a and b t 
both crystallisable. 

Chlonaphtuse , C20 (IlsCla), and Bronaphtu&e , C20 ( 1 L> Bra), aro 
not yet known. 

Chlonaphtalase , C20 (HaCk), is obtained by the action of chlo- 
rine on chlonaphtise a . It forms soft flexible prisms. 

Chlonaphtal.es e, C20 (H CI7 ), is not yet known, 

Chlonaphtalwe, C20 Cls , the compound in which all the hydro- 
gen of naphthaline is replaced by chlorine, is obtained by continu- 
ing the action of chlorine on chlonaphtise a. It is also crystallisable. 
Laurent, apparently from its crystalline form, considers it to 
correspond with the modifications c of chlonaphteso and ohlonaph- 
tise ; and for the same reason he considers the only chlonaphtalase 
known, as chlonaphtalase o. In the case of chlonaphtnlise, if 
different modifications can occur, they must depend on a different 
principle from that which regulates the modifications of those 
compounds in which both chlorine and hydrogen are concerned. 
But until a complete account of Laurent’s views be published, 
it is not easy to ascertain exactly what those views are. I sus- 
pect some error in the only account of those researches to which 
I could refer. 

Besides the above, there are a number of compounds derived 
from naphthaline, in which the hydrogen is replaced by bromine 
and chlorine at once. 

Chlorebronaphtise a, C*> (ITo Cla Br), is a crystalline solid very 
similar to chlonaphtise a . 

Chlorcbronaphtose b y C«o (II* Cla Bra ), is obtained by the action 
of bromine on chlonaphtese/. 

ChloribronajMose a, Bromachlonaphtose a f and Bromachlo - 
naphta se b } are three isomerio compounds. The first is 
obtained by the action of bromine on chlonaphtise a, and the 
bromine is therefore placed second in the name. The two 
others are both formed when chlorine acts on hronaphtese. 
These are the compounds alluded to at page 18 . They furnish 
a very beautiful proof of the truth that the position of the 
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replaced or replacing molecule is all-important. They are all 
crystallisable. 

Bromeclonaphtose b , Cbo (Ha Cla Bra ), is a crystalline solid, 
obtained by boiling chlorido of bromechlonaphtise with tincture 
of potash. 

Chloribronaplituse, C20 (Ha Cla Bra ), is a crystalline solid, formed 
by the action of bromine on chloride of naphthaline. 

There remain to bo described some compounds, analogous to the 
chlorides of naphthaline, and containing consequently chlorine or 
bromine, in addition to the type or subtype. 

Chloride of chlonaphtase , CL 4 - C20 (H7 Cl), is obtained by the 
action of chlorine on tho subchloride of naphthaline. It is the 
most remarkable of the whole series from the great size and beauty 
of its crystals. It occurs in an isomeric form as an oily liquid. 
When distilled, these compounds yield different forms of chlonaph- 
tisc mixed together. 

Chloride of clilonaphtese , CL -f- C20 (Ha CL ), occurs in three 
isomeric forms, a and x are oily liquids, derived respectively 
from clilonaphtese a and x by tho action of chlorine, and c is 
derived from clilonaphtese c in tho same way, and is crystal- 
line. They all yield chlonaphtose when heated, but in different 
forms. 

Bromide of chlonaplitese, Bn + Cau (HoCL), is obtained by the 
action of bromine on clilonaphtese c. It is crystalline. An excess 
of bromine produces at least livo different compounds. 

Bromide of chlorabronaphtese, Bn. 4 * C20 (Ho Br Cl), is formed 
when bromine actr on clilonaphtese. It is crystalline. 

Bromide of bronaphtese, Br* 4 * C20 (Ho Bra), is formed by the 
action of bromine on bronaphtese. It is crystalline, and when 
distilled yields hydrobromic acid and bronaphtoso. 

Subbromidc of bronaphtise , Bra •+• C20 (Ho Bn ), is formed along 
with the preceding. It is also crystalline. 

Bromide of bronaphtise , Bn -f~ C20 (Ho Brs), is also a highly 
crystalline solid. 

Subchloride of brunaphtasc, Cla -f- Cuo (II7 Br), formed by the 
action of chlorine on bronaphtase, crystallises in regular rhom- 
boidal plates. 

Chloride of bronaphtese, CL -f C20 (IIo Bra), crystallises in long 
prisms. 

Perchloride of bronaphtise, Cla 4 - C20 (IIo Bn ), crystallises in 
right prisms with rhombic base. 

Chloride of bromechlonaphtise, CL 4 - C20 (Ho Bra Cl), crystallises 
in oblique rhombic prisms. When boiled with tinoturo of potash 
it yields bromcchlonaphtuse, C20 (Ha Bra Clo). 

All the preceding compounds have been discovered, studied, 

1 1 2 
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analysed, and described by Laurent, besides a large additional 
number of derivatives of naphthaline, under tho agency of 
chlorine and bromine, which he has not so fully oxamined. 
Those here named ore sufficient to illustrate the endless 
variety of compounds attainable. Every subtype of the original 
type of naphthaline admits of numerous permutations; and 
where both chlorine and bromine are present, the number of 
possible permutations is enormously increased. In short, 
these remarkable researches have only made us acquainted 
with a very small selection of the possible products of tho 
action of chlorine and bromine on naphthaline, the type re- 
maining unchanged. 

Thus the subtype chlonaphtose, Cao (TI* CL), admits of 65 
isomeric modifications, all different, as does, of course, bronaph- 
tose also. But these subtypes may yield tho modified sub typos 
chlorabronaplitose, chlorcbronaphtose, ohloribronaphtose, broma- 
clilonaphtose, bromeelilonaphtoso, and bromiohlonaphtose, and 
others, difficult to name, depending on the relative proportions 
and positions, in the molecule of the subtype, and of tho 4 cqs. 
chlorine and bromine. It is easy to imagine 14 such modified 
subtypes, and there appears no reason why each of them, with 
the two subtypes, should not admit of at least 65 isomeric forms. 
This would givo 1040 isomeric forms, all included under the two 
subtypes chlonaphtose and bronaplitoso, or under ono subtype 
which may bo called naphtose y C 20 (II* X*). X is here put for 
chlorine or bromine. 

Gerhard t has given tho following table of tho compounds ob- 
tained from naphthaline, with chlorine and bromine : — 


1. Chlorides and Bromides. 


Chloridv of Naphthaline 
, > Rron aphtaae . 

Bromide of Bronapktise 
Bichloride of Naphthaline 
,, Chlonaphtase . 
Bichlorobromide of Naphthaline 
Bichloride of Chlonaphtose . 

, , Bronaphteso 
Bibromide of Chlonaphtese . 

,, Chlorabronapktese 
,, Bronapktese 
Bichloride of Bromcehlonaphtise 
Bibromide of Bronaphtise 


Cv,« ITa, Cl 3 
Cao IT 7 Br, Cla 
O 20 Hs Bra, Bra 
OmHi, 2 Cla 
Cao Ht Cl, 2 Cla 
C 20 Hs, Cla Br 
Cao Ho, Cla, 2 Cla 
Cao Ho' Bra, 2 Cla 
Cao Ho Cla, 2 Bra 
Cao Ho Cl Br, 2 Bra 
.Cao Ho Bra , 2 Bra 
Cao IIs Bra Cl, 2 Cla 
Cao Hs Bra, 2 Br* 
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2. Naphthalines chloritmed and hrominised. 

Chlonaphtaae 

. C*o Ih Cl 

Bromiphta.se . 

. . Cue II, Br 

Chlonaphtese . 

. Cuo Ho C1‘2 

Bronaphtese . 

. . Cuo He Br 2 

Chlonaptise . 

. • Cuo II 5 CL 

Bronaphtise 

. . Cuo Ho Br3 

Ch lu rebrona plitise 

. . Cuo H 5 Cla Br 

Chlonaphtoso . 

. . Cuo H* CL 

Cliloribrouaphtose 

. Cuo II* CL Br 

Chlorebrouaplito.se . 

. . Cuo II* CL Bru 

Broimphtose . 

. Cuo 1U Br* 

Chloribrouaphtuse . 

. . Cuo 1I 3 CL Bra 

ChlonapJitalase 

. Cuo Hu Cl« 

Chlonaphtalise 

. . Cuo CL 


I have retained Laurent’s names, as those of Gerhardt do not 
suit our language. It will be seen by this table that naphthaline 
and its products by substitution form one group, the members 
of which, combining with chlorine or bromine, form another 
group. 

2. Action of Sulphuric Acid on Naphthaline . 

'When naphthaline is dissolved in warm oil of vitriol to satura- 
tion, the solution, if left exposed to the air, becomes a semisolid 
mass of a dirty purplish colour. This, dried on a porous brick, 
leaves a quantity of scales, very soluble in water and alcohol, 
whioh are a mixture of two acids. 

a. Suljjh ona phthalic acid , Cao 1I» Sa Oa -f 2 aq. The above 
mixture, being dissolved in water, is saturated with carbonate 
of lead, which forms insoluble sulphate of lead, and two soluble 
salts, one of which is soluble iu alcohol and contains this acid, 
and yields it when decomposed by sulphuretted hydrogen. The 
acid forms a hard crystalline fusible mass, of an acid and bitter 
taste. Its salts are soluble and crystallisable. Their formula is 
Cuo II 7 M Sa Oo. Their acid is formed from 1 eq. of napthaline 
and 2 eq. of oil of vitriol, SOa , HO, by tho separation of 2 cqs. of 
water, whioh cuter into the acid, however, as water of crystallisa- 
tion, and are expelled by bases. 

The same amount of naphthaline, with twice as much oil of 
vitriol, forms, by tho separation of 4 eqs. of water, the next acid, 
C 20 Hs + 4 ( ft 0, SOa ) — 4 HO = C 20 Us S* Oia. 

Sulphonaphthalio acid forms with chlorine four substitution 
acids, in which 1, 2, 3, and 4 eqs. of hydrogen are replaced by 
chlorine. With bromine it yields two such acids, with 1 and 2 
cq. of bromine. It also yields, with nitric acid, an acid, the 
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nitrosulphonaphthalic acid, in which 1 eq. of hydrogen in 
replaced by NO* . 

b . Disulphonaphthalic acid , C 20 Hs 8* O 12 ? The lead Balt, 
insoluble in alcohol, contains this acid, the salts of which are 
soluble, bitter, and hardly crystallisable. It is possible that a 
third acid accompanies these two ; for Faraday obtained a third 
salt of baryta, and Berzelius found a third salt of lead in 
the mother liquid of the other two. Faraday’s Balt, which 
remains with the sulphate of baryta formed in the process by 
the free sulphuric acid, and may be extrnoted by boiling 
water, yields about 42 per cent, of sulphate of baryta when 
calcined. 

The vapours of anhydrous sulphuric acid, passed over fused 
naphthaline, form with it a red liquid. If the acid be in excess, 
there is formed a now acid, the hyposulphoglutinic acid ) besides 
small quantities of tho preceding acids ; if thoro be excess of 
naphthaline, there are formed two neutral bodies, Bulphonaph- 
thaline and sulphonaphthalide . 

Hyposulphoglutinic acid, when puro and dry, is a hard glassy 
mass. When precipitated from its salts by stronger aoids, it 
forms a viscid hydrate like turpentine. Its salts are generally 
soluble and do not crystallise. Its composition is unknown. 

Sulphonaphthaline is a crystalline fusible solid, formed from 
2 oq. of naphthaline and 2 eq. of oil of vitriol, by the separation 
of 4 eq. of water. Its formula is Cm lli* Sa ()*, or it may be 

written C*o 2 ^gQ a j > that is, 2 eq. of naphthaline, in which 

2 eq. of hydrogen are replaoed by 2 eq. of sulphurous acid SOa . 

3. Action of Nitric Add on Naphthaline , and its Derivatives . 

Nitrio acid acts on naphthaline, and gives rise to a whole series 
of compounds in which N O* is substituted for hydrogen. The 
same principles apply here as in the action of chlorine and 
bromine on naphthaline. It is to Laurent that we are indebted 
for our knowledge of these compounds, which our space will only 
allow us to name. 

0 Nitronaphtase, or nitronaphthaline , Cao H 7 X (X is here put for 
NO*), is best formed by causing nitrous acid to pass through 
melted naphthaline. It is purified by means of alcohol, and forms 
long prisms of a sulphur-yellow colour, fusible at 110°. Chlorine 
decomposes it, producing chlonaphtose, Nitric acid converts it 
into nitronaphtew . By the action of sulphuretted hydrogen and 
ammonia, it yields, as has been already explained, a base, naph - 
talidine or naphtylaminc, Cao Ad H 7 = Cao H# N. 
Nitronaphthaline, according to Pina, when its alcoholic solution 
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is boiled with solution of sulphite of ammonia in excess, until a 
drop no longer becomes turbid when mixed with water, yields 
two strata of liquid. The lighter is an alcoholic solution of 
new products, the heavier an aqueous solution of sulphate and 
sulphite of ammonia. The former is evaporated to a small bulk 
and deposits on standing crystals of the ammonia salt of a new 
aoid, thionajphtamic acid . The mother liquid of these crystals 
contains the ammonia salt of another new acid, isomeric with the 
lirst, napht ionic acid, 

Napht ionic acid , C20 Hs N 82 Os , H 0 -f &q. The salt last 
mentioned is dissolved in hot water, and on the addition of 
liydroehlorio acid, the new acid falls as a reddish-white crystal- 
line powder. When pure, it is colourless. It neutralises all 
bases, and forms salts which crystallise in large and regular 
crystals. It is very permanent, except that it is decomposed by 
oxidising agents. 

Thionaplitamic acid , C20 Hs N 8 a Os, HO. This acid forms 
also cry stall isahle salts, but cannot be obtained in a separate or 
free state, because on adding acids to its salts it is at once 
decomposed, yielding sulphuric acid, and napbtalidinc or naph- 
tylamine, the base already mentioned as formed by the action 
of sulphuret of ammonium on nitronaphtlmline. Its salts form 
red or purple micaceous scales, but are probably colourless when 
pure ; the colour arising from the action of the air, which pro- 
duces a purple resin with napbtalidinc. These salts are easily 
decomposed. When heated with dilute sulphuric acid, they 
yield abundant scaly crystals of sulphate of naphtalidine, and 
this is the best method of obtaining that base. Piria finds that 
naphtalidine and its salts yield with oxidising agents a violet 
amorphous compound, which he calls naphtamine. Its compo- 
sition is not yet known. When nitron aphtaline is acted on by 
sulphurous acid, we have C20 H7 N 0 * -f 2 S Oa -f 2 H 0 = 
2 S 0 » + C20 Ho N ; and the naphtalidine, C20 IIo N, combines 
with 2 eqs. of sulphuric acid to yield the two new acids ; thus, 
C20 Ho N -f* 2 8 Oa = C20 Ha N 8 a Os , H 0 . This at once explains 
the easy resolution of one of these acids into naphtalidine and 
sulphuric acid ; the other acid, which is so permanent, must have 
a different arrangement of the same elements. 

Naphtalase , Cao (H7 0 ), is a yellow crystalline solid, formed by 
gently heating nitronaplitase with 10 parts of lime slightly 
moistened. It communioates to oil of vitriol a magnificent blue 
colour. It is insoluble in alcohol as well as in water, otherwise 
it would recall pyroxanthine, which is yellow and volatile, and 
colours sulphuric acid purple. 

Nitronaphtese , Cao (He Xa), forms a crystalline powder fusible 
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at 365°, insoluble in water, very sparingly soluble in alcohol. 
It is converted, by the action of sulphuretted hydrogen and 
ammonia, into the new artificial base, seminaph talidine or 
azonaphtylamine = Cao Hio Na . 

Nitronaphteise , Cao (H&i Xai )? is a crystalline compound formed 
when naphthaline is added in small quantities to a large mass of 
hot nitrio acid. Nitronaphtese is produced along with it. It is 
pale-yellow and very fusible, becoming liquid even in boiling 
alcohol. This great fusibility prevents us, notwithstanding its 
strange formula, from considering it as a mixture of nitronaphtese 
and nitronaphtise, the former of which melts at 3G.V, the latter 
at 410°, and which arc very insoluble in ether, in which liquid 
nitronaphteise readily dissolves. 

Nitronaphtise , Cao (IIsXs), is formed along with the preceding, 
and crystallises in rhomboidal plates of a pale-vellow colour, 
fusible at 410°. 

Nitronaphtale is a crystalline substance, formed by the long- 
continued action of nitric acid on the mother liquor of all the 
preceding. It melts at 420°, and sometimes solidities in an 
amorphous state ; a slight heat, or touching the melted substance 
with a point, causes it to crystallise. It seems to be an isomeric 
form of the preceding compound, and a third is said to exist. 

Nitronaphtesic acid , Cia Htft Ni* 0* ? Caa Hy X.3 Os ? This 
acid is formed when nitronaphtaleso is boiled with tincture of 
potash, and is separated from tho putash by nitric acid. When 
dry it is brownish- black, and forms brown salts, which are soluble 
and uncrystallisable. Nitron a phi a tiis ic acid } C19 Ik On Nij, or 
C24H8O12N3, is a similar acid, formed from nitronaphtaleise. 
Nitronaphtisic acid is another brown acid, formed in the same 
way from nitronaphtalise. 

Oxide of chloroxenaphtose } Oa 4* C20 (H* Cla O2), is formed 
when nitric acid acts on crystallised chloride of chlonaphtose. 
It appears as a yellow crystalline solid. It is* accompanied by 
chloranaplitisic acid, into which it is also converted by boiling 
with tincture of potash. 

Chloranaplitisic acid , C20 IIs Cl Go , is formed from the pre- 
ceding compound, as follows : C20 lh Ola 0* 4 HO 4 2 K 0 
= II 01 4* (C20 Hs Cl Go 4 K 0). It is separated from the 
potash by adding an acid, and forms yellow crystals, fusible at 
392°, Its salts are for the most part insoluble, and exhibit 
the most beautiful colours, including yellow, orange, red, and 
carmine. 

Oxide of chlorox4$naphiali8e y Oa 4 Cao Clo Oa , is obtained along 
with chlophtalisic acid and other compounds, when nitric acid is 
boiled with chionaphtalase } Cao Ha Clo . It forms golden scales. 
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Ch loroxtnaph talesic acid , C 20 H Cls Oe , is formed when the 
preceding compound is acted on by potash, which at once 
ohanges it into a fine carmine-red substance, from which acids 
separate the new acid as a yellow crystalline powder. It forms 
beautiful red salts with potash and ammonia. It is formed as 
follows : Cm Cla 0* + II0 + 2K0= (C 20 II Cla Oo + KO) + 
K Cl. 

Tho existence of the two olilorinised acids, just described, 
leads to tho idea of tho existence of an acid C 20 Ho Oo , from 
which they aro derived by substitution. Now this acid has not 
yet been obtained by the oxidation of naphthaline, though that 
will probably bo done sooner or later. But alizarine, the colour- 
ing principle of madder, is now believed to have this formula, and 
is, perhaps, the compound in question. If so, and if it could bo 
formed artificially from naphthaline, the discovery would prove 
a most profitable one, from tho importance of madder as a dye, 
and the small amount of colouring matter it contains. 

Phtalic or naphlalic acid , Cio H* Oo, 2 II 0 = Cio Ho Os, is 
formed by the action of nitric acid on chlorido of naphthaline. It 
forms rounded groups of lamellar crystals, and yields crystal- 
lisable salts. When distilled with lime, it yields benzole (ph6ne), 
and carbonic acid, Cio IIo Os = 4 GO a j Ci 2 Ho. When tho 
hydrated acid is distilled, it yields the anhydrous acid in fine 
elastic needles. 

The acid phtalate of ammonia, Cio H* Oo , N H* 0, H 0, when 
heated yields water, 4 II 0, and phtalimide , Cio Ho NO*. 

Phtalamide , Cio IIo N Oo, is obtained by acting oil anhydrous 
phtalic acid with ammonia. It appears that phtalimide is acid 
phtalate of ammonia, minus 4 oqs. water, while phtalamide is 
anhydrous phtalute of ammonia, Cio H* Oo + NHo, minus 1 eq. 
water. Both are crystalline solids, and both appear to form 
definite compounds with oxide of silver. 

Nitrophtalic acid , Cio Us N O 10 , 2 HO, is derived from phtalic 
acid by the substitution of 1 eq. N 0* for 1 eq. hydrogen. 
Cio lit Oo — II -f- N 0*= Cio Ha N Oio. It forms beautiful pale- 
yellow crystals ; and when gently boated, it yields the anhydrous 
acid in tine white needles. 

Chlophtalisic acid , Cio II Cla Oo , is formed along with tho 
oxido of chloroxcnaphtose when chlonaphtalase is boiled with 
nitric acid. It is crystallisable and represents anhydrous phtalic 
acid, in whicli 3 eqs. hydrogen have been replaced by 3 eqs, 
chlorine. 

To judge from the aotion of chlorine unaided by heat, and of 
nitrio acid, on naphthaline, that body, C 20 IIo, is composed of 
two carbohydrogens, Cio H* and C* H* , the latter of which is 
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more easily altered. The former, plus 6 eqs. oxygen, yields 
phtalio acid, Cio H* -f- Oo ; and the substitution in phtalio acid 

of NO*(= X) for H yields nitrophtalic acid, Cio j x* +Oo. 

$. Anthracene, Cao H 12 . This compound, which is polymeric 
with naphthaline, is also found in coal-tar, and is sometimes called 
paranaphthaline. It melts at 356 J , and distils at 392°, yielding 
foliated plates. When acted on by nitric acid, it gives rise to a 
series of compounds, in which oxygen is substituted for hydrogen, 
while the compounds thus formed combine with hyponitrous acid. 
Thus, we have 

Anthracene . . . . Cw Hia 

Hyponitrite of Anthi*acenase . . Cjo Tin 0 -f* NO* 

Bi-hyponitrite of Anthracenese . Cio H10 O* -f 2 N 0 » 

Ter-hyponitrite of Antbracenise . C30 H« Oa -f 3 N Oa -f- 3 H 0 

Hyponitrite of Anthracenese . . C30 Hs 0 * -f N Oa 

Hyponitrite of Anthracenuse . Cao Hr Os -f N Oa-f HO 

Authracenuse . . . . C 30 H7 Os 

Ohlorantliracenese . . . Cm H10 Cl 2 

The second compound of the above list is not known ; but its 
existence is probable. Iu all the works to which I have access, 
there appear to he errors, probably of the press, in the table, 
which I have ventured to correct, so as to bring the formula) into 
correspondence with the systematic names devised by Laurent, 
who discovered all these substances, on the same principle as in 
the case of naphthaline. 

7 . Metanaphthaline. Syn. lie lister cnc. This compound is 
iormed in the destructive distillation of resin, in the last stages of 
the process. It forms fatty scales, fusible at 158° F., and boiling 
at 617° F. Its analysis seems to show that it is isomeric or 
polymeric with naphthaline. 

8 . In the distillation of benzoate of limo, there are formed, 
along with beuzophenone, two oarbohydrogens, isomeric or poly- 
meric with naphthaline. One of these forms lino prisms, fusible 
at 197° F., the other appears in mammellated groups of minute 
crystals, fusible at 149 J F, If wo suppose one to bo isomeric with 
naphthaline, C 20 Ha, and tho other polymeric, Cao H 12 , it is easy 
to see how they may bo formed from benzophenone, which is 
phenyle, C 12 Ho , plus benzoyle, Cu Iio Oa , and is therefore = 
C 20 H 10 O 2 . For 

2 (Gao Hio Oa ) = 2 C Oa -f Oao Us + Oao Hu 
Beuzopbonoae. Carbohjdrogon, Carbohydrogon, 

No. X. No. 2 . 
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But these compounds have not yet been fully studied. 

€• Chrysene, Cia II* , is found among the last portions of the 
rectification of coal-tar. It is a yellow crystalline solid, inso- 
luble in most liquids. It melts at 455°. With nitrio acid it 

forms nitro -chrysene, C12 j 

C Pyrene, C30 II 12 , is found accompanying the preceding. It 
is a good deal more fusible. When acted on by nitric acid, it 

yields bi-nitropyrenc, C30 2V O* } ' ^y rene scorns to be poly- 
merio with naphthaline. 

The occurrence of so many compounds as have been already 
mentioned, isomeric or polymeric with naphthaline, all produced 
at a high temperature, is remarkable. For we should rather 
expect to obtain these solids of high atomic weight at lower 
temperatures, and the liquids and gases of lower atomic weight 
at the higher temperatures. There must he some cause which 
produces the formation of bodies containing C20, possibly in some 
C10, or C'30, or C40, or even more than this. But we do not at 
present know what this cause is. On the other hand, it is 
possible, that, as we have two homologous series of hydrocarbons 
among the products of destructive distillation, namely, the series 
of marsh gas, Ca H*, or, in general terms, Cn Hn+a, and that 
of olefiant gas, C± II* , that is, C n Hn , the former being hydurets 
of methyle, &c., the latter, hydurets of formyle, acetyle, &o.; 
so, there may also be a third homologous series, to which naph- 
thaline belongs. Thus we might have Ci* Ha, Cia II*, CisHa, 
Cao Ha (naphthaline), C 22 IIio, Ca* Hia, C 20 Hu* and so on. Con- 
tiguous members of such a sories will differ very little in compo- 
sition or in properties ; and it is so difficult to purify the 
individual compounds in such mixtures, that the existing 
analyses might in many cases agree with such formula). This 
docs not exclude the existence of isomeric and polymeric modifi- 
cations, 'which we know to be very frequent in carbohydrogens. 

When bituminous shale is distilled, it yields a thick empyreu- 
matic oil, composed of several products. Among these is an 
oil apparently identical with enpion, and another very peculiar 
oil, oalled ampeline. This oil has neither taste nor smell, but is 
in some points more analogous to creosote than to any other sub- 
stanoe. It dissolves in water, but a few drops of acid cause it to 
separate. Its composition is still unknown. It may possibly be 
a product of the action of oil of vitriol, which is used in its 
preparation, on some other substance. 

Ampelic Acid is formed by the action of nitrio acid on that part 
of the oil of schist which distils at 300°. It is oily, soluble in hot 
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water, and forms very soluble salts. Its composition is not 
known with certainty. A similar oil, obtained from coal-tar, 
was found to contain Ci* Ho Oe . This would bo isomeric with 
hydrated salicylic acid. Williams, as mentioned elsewhere, has 
found many basic oils in the oil of bituminous shales. 

EOSSIL RESINS, WAX, OIL, NAPIIT1IA, &C. 

JRetinite , or Rctinasplialt , is a fossil resin found in lignite or 
wood-coal. It is fusible and combustible, and almost entirely 
soluble in alcohol. Jietinic Acid , Cm llo Oa, was found by 
Johnston in the retinasphalt of Bovcy. 

Ilatchetine is another fossil resin found in the lignites of Wales. 
It is colourless, or slightly yellow, fusible and volatile. 

Scheererite is a colourless, translucent substance, of a pearly 
lustre, found in the Swiss lignites. Both Ilatchetino and Schee- 
rerite appear to be carbohydrogen s, and much resemble paraffine 
not quite pure. They are, perhaps, mixtures of homologous 
paraffiucs, or when pure, each may represent a different paraffine. 

Middletonite is a fossil resin, found near Leeds in coal. 

Idrialine is a remarkable solid carbohydrogen, found in the 
quicksilver mines of Idria. Its composition was said to be Ca H, 
or perhaps Ci« II7 ; and therefore polymeric with ohrysone. But 
it has lately been shown to contain oxygen, and to he, perhaps, 
Oih H28 On . It forms nitroidrialino, with nitric acid, which is 

Hss ? 

^ 8 *5N04 \ a * ^ a * so y ields > when h ea ted, a carbohydrogen 

idryle , in two isomeric or polymeric forms; n Co Ha. It colours 
oil of vitriol intensely blue, forming a coupled acid. Succisterene , 
a solid body obtained by Pelletier and Walter in the distillation 
of amber, has the same composition, and colours sulphuric 
acid blue. It is, therefore, in all probability, identical with 
idrialine. 

Ozokerite , or Fossil Wax , is found in large masses in the bitu- 
minous schist of Slamiok. in Moldavia. When distilled, it yields 
a substance like wax, and also a good deal of paraffine. Ozokerite 
is very fusible, and burns with a bright flame. A similar sub- 
stance ocours in tlio coal mines of England, and it has been 
shown to be a mixture of at least four compounds, probably most 
of them paraffines. 

Fichtelite is a fusible, volatile, cry stall isable solid, found in 
branches of pine-trees, in the peat of the turbaries in the Fichtel- 
gebirge. It appears to have the formula C20 His, and is probably 
derived from essence of turpentine, C20 Hie. 

TeJcoretine , Phylioretine t Xylvretine , and Boloretine , are the 
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names of four resinous oompounds, found in the peat of Denmark, 
on the remains of pine-trees. Tekoretine and Phylloretine are 
both fusible, volatile, and crystallisahlo. The former appears 
to be Ciolto, tho latter Os Ha. Xyloretine is less fusiblo and 
is decomposed by heat. It crystallises, and its formula is said 
to bo C«> 1 I:j 3 0*, which only differs from that of sylvio acid by 
3 eq. hydrogen. Boloretine is fusible, but does not orystallise. 
Its formula is Ch> Hi »2 -f 3 II 0, but it occurs also with 5 or 6 eqs. 
of water. 

Asphalt um , Mineral Pitch , Pitch of Judea . These are the 
names of certain substances of similar characters, found in 
different parts of the world, as in Trinidad, in Hanover, and at 
the Dead Sea in Palestine. They all resemble pitch in aspect, 
and are composed of a dark -brown resin, mixed with more or 
loss of a brilliant black matter, asphaltene , C 20 II 10 Oa , or of a 
liquid volatile oil, petrolene , C 20 H 10 . Tho former of these is 
probably an oxide of tho latter. The different kinds of asphaltum 
are much used for waterproof cements, and for pavements, or 
roofs. Kaphtcinc is a somewhat analogous substance, found in 
the limestones of tho Maine et Loire. 

Petroleum and Naphtha . In certain spots, in the neigbour- 
hood of the Caspian, in Ava, at tho Tegernsce in Bavaria, at 
Amiano in Italy, and near Neufcliatel, as well as in other places, 
pits dug in the earth becomo filled with water, on which floats, 
more or less abundantly, an oily matter, formerly called rock-oil. 
The purer kinds are little coloured and very fluid, and when 
distilled with water, leave hardly any residue. These are called 
naphtha. Other kinds, as the petroleum of Rangoon in Ava, 
are dark-coloured, and semi-solid, hut becomo liquid at SO^ or 
90°, These yield by distillation, first, much naphtha, nearly 
colourless, and then muoh parafline, which is easily purified. 
Naphtha, when pure, has the Sp. G. 0*775, and its formula is 
Cn Hu . At least, many analyses give exactly this result, namely, 
85*7 per cent, of carbon, and 14*3 per cent, of hydrogen. But 
all who have examined naphtha find it to be a mixture of many 
oils, agreeing in composition, or nearly so, but differing in 
boiling point, density, &o. This is just what wo find in a 
mixture of homologous compounds, and wo may infer that a 
great part of naphtha consists of earbohydrogens of the 
formula C n Iln, about tho middle of the scale, as tho lowest 
are gaseous, the higher solid. They may, perhaps, be Cia H 12 , 
Ci* Hi*, Cia Hio, Cao H 20 , C 2 * H 2 *, &c. But as some oils in 
naphtha oontain loss hydrogen, thero is, probably, another series 
present in which the hydrogen is less thau the carbon, as, for 
example, Cia H 10 , Ci* H 12 . Rectified naphtha is used for the 
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purpose of preserving potassium and sodium, which have no 
aetion on it if water be not present. In many places the native 
naphtha is used to give light. 

* Reichenbach found that coal, distilled with water, yielded a 
little of an oil very similar to petroleum. 

All the above substances are formed by the decay or destruc- 
tion of organic matter, chiefly wood. It is not altogether impro- 
bable that those kinds which, like the Rangoon petroleum, contain 
paraffine ready formed, may have been formed by the action of 
heat on beds of vegetable remains, situated pretty deep in the 
orust of the earth. 

Soot and Lamp-black are produced by the imperfect combustion 
or organic matters. They contain much carbon, mixed, in soot 
with an acid resinous matter, and with a substance analogous to 
humus, but containing nitrogen, and called asbolinc . Lump-black, 
besides a little resin and oily matter, often contains naphthaline, 
which may be extracted by alcohol. 

COMPOUNDS, VEGETABLE ANT) ANIMAL, CONTAINING NJTliOGEN 
AND SULrilUlt, ALBUMINOUS OU SANGUIGENOU8 
COMPOUNDS. 

Besides the few oils which contain sulphur, there is a very 
important class of compounds, common to plants and animals, in 
which nitrogen and sulphur are essential constituents. These 
are called albuminous , because they all have a resemblance to 
albumen, which is one of them ; and sanguigetious, because they 
are capable of forming blood in the animal body, and arc the 
only compounds capable of this. Since from blood the animal 
body derives its whole nutrition, while the blood is formed from 
these compounds, they are called also nutritious compounds ; and 
since they alone can form organised animal tissues, they are 
oalled plastio elements of nutrition, to distinguish them from 
sugar, starch, fat, &c., which arc the respiratory elements of food, 
and furnish, by their oxidation, the animal heat. 

These compounds, which we shall call the sanguigenous bodies, 
arc three in number : namely, Albumen , vegetable and animal ; 
Fibrine , vegetable and animal ; and Caseino , vegetable and 
animal ; and under these heads are included certain modified 
forms of them, as emulsine , a form of albumen, and others. 

They all agree in the total absence of crystalline form, and in 
having a very complex constitution. They agree, moreover, in 
certain chemical characters ; they dissolve with the aid of heat 
in potash, and the solution blackens the salts of lead, proving 
that part at least of the sulphur is present in an unoxidised 
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state. They all dissolve, with the aid of heat, in strong hydro- 
chlorio acid, yielding, if air bo admitted, not otherwise, a purple 
solution, which after a time changes to a dark brown. The very 
acid liquid which is obtained by dissolving mercury in its own 
weight of nitric acid, gives a very intense red colour to all these 
substances. This character is so well marked, that we can in 
this way detect the presence of one part of albumen in 100,000 
of water. When oxidised by sulphuric acid and peroxide of man- 
ganese, or by sulphuric acid and bichromate of potash, or by 
fusion with caustic potash, they all yield similar products; namely, 
compounds of the scries of aldehyde, of that of aeetio acid, of the 
nitrylo series, benzoic acid, and oil of bitter almonds, leucine, 
and tyrosine. All these things indicate a very great similarity in 
constitution. Their composition, in 100 parts, is so nearly the 
same, according to the best analyses we have, that they have been 
supposed to be isomeric, and probably are so, It is evident, from 
the products of their decomposition, and from the fact that any 
one of them, in the animal body, may yield the others, that they 
are very closely related, and may even be identical in composition, 
so far as concerns their combustible elements. Mulder thought 
he had obtained from them a compound free from sulphur, C*o 
Ns Hai 0 j 2 , which he called proteine, and which he supposed to 
combine with sulphur and phosphorus, to yield the sanguigenous 
bodies, thus : — 

Crystalline humour — 15 eq. Proteine + 1 eq. Sulphur 


Caseine 

. =10 eq. ,, 

+ 1 eq. 

>» 

Vegetable Gelatine =10 eq. ,, 

+ 2 eq. 

tf 

Egg Albumen 

= I0eq. ,, 

+ 1 eq. 

,, +1 eq. Phosphorus 

Fibrine 

. = 10 eq. ,, 

+ 1 cq. 

>» + 1 e <b >> 

Blood Albumen . = 10 eq. ,, 

4- 2 eq. 

M + 1 eq. )) 


But the theory of proteine cannot be maintained ; for not 
only does no such compound, free from sulphur, exist; but the 
amount of sulphur in sanguigenous matter is two or three times 
greater than indicated by Mulder’s formula) : and that sulphur 
is present in two states. Moreover, his formula for blood 
albumen, gives twice as much sulphur as iu egg albumen, while 
in fact the latter contains most sulphur ; and, lastly, we have no 
proof that phosphorus is present in any other form than that of 
the salts of phosphorio acid. The best analyses yet made yield 
the formula) given further on, on the supposition that the 
molecule of sanguigenous matter contains not less than 2 eqs. 
of sulphur, an assumption justified by the existence of sulphur 
in two forms of combination. 

There is yet another and a very remarkable oharaoter, 
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common to all sanguigenous bodies. When exposed to air, 
moisture, and a certain temperature, they all absorb oxygen, 
enter into deoay, with offensive products, and in this state are 
ferments, the rhotion of their particles, according to the theory of 
Liebig, being oommunicable by contact to those of fermentescible 
bodies, such as sugar, which, when pure, do not ferment or decay, 
kence the sanguigenous bodies arc putrescible, or ferments. 
Lastly, no sanguigenous compound can exist without containing 
a certain small but essential proportion of alkalies, and alkaline 
or earthy phosphates. 

If we bear in mind, not only that any one of these substances, 
in the animal body, can yield the tw T o others, but also that, by 
digestion with acidulated water, or with a solution of a salt of 
potash or soda, coagulated or insoluble fibrine ami caseino may bo 
rendered soluble, and the solution will exhibit all the properties of 
a solution of albumen, coagulating when heated, and acting like 
albumen on polarised light ; that, by means of caustic alkalies, we 
can give to insoluble fibrine and albumen the characters of soluble 
caseine ; it certainly appears most probable that those substances 
are entirely alike both in composition and constitution, and only 
differ in their physical state, or in the mineral matter with which 
they are united. 

This would lead us to admit a common principle, not indeed 
protein©, but what may be called albumine, which can exist in 
different isomeric, polymeric, or allotropic forms, becoming thus 
soluble or insoluble. Soluble albumen, that of eggs and of blood, 
is perhaps the bi-albuminate of soda ; soluble caseine is the 
neutral albuminate of potash ; and fibrine is probably insolublo 
albumen, combined w r ilh earthy phosphates. This is perhaps the 
most probable view that we can take at present. 

1. Albumen . This compound is found in vegetable juices 
dissolved, and in some, indeed in most seeds, in the solid form, as 
in nuts, almonds, mustard-seed ; the emulsine of almonds and of 
mustard being a form of albumen. It is never found, however, 
without sqme of the other sanguigenous compounds, and in many 
seeds the proportion of albumen is small, as in the cereals and 
leguminous seeds. It is also found dissolved in the blood, in the 
juice of ffe$h, and in other animal fluids. On the supposition 
that one m&Teoule of albumen oontains 2 eqs. of sulphur, (and it 
may contain more, but oannot contain less,) the latest analyses 
lead to the cmpyrical formula, Caw N*7 Sa ILeo Oos , besides 
phosphates, though how these are arranged we know not. The 
albumen of eggs, or white of eggs, has the same formula, with 
3 eqs. of sulphur instead of 2, and 36 eqs. of nitrogen instead of 
27, or Caw Nso liioy Qes, and phosphates. 
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Albumen, in its natural state, is soluble in cold water, and 
white of egg or serum of blood is simply a strong solution of it, 
which in the former case is ropy and viscid. Its distinguishing 
oharaoter is coagulability by heat. A heat of 140° to 160* 
continued for a short time, causes it to coagulate, and serum or 
white of egg becomos a solid mass. Weaker solutions deposit 
the coagulated albumen in flocculi. Coagulated albumen is no 
longer soluble in water, but with this exception it is unchanged in 
its combustible elements, and its coagulation probably depends 
on the same cause as the conversion of the fluid styrole by heat 
into solid metastyrole. It is an isomerio transformation. 
Albumen is further coagulated by acids, by creosote, by corrosive 
sublimate, by ferrocyanide of potassium, and by infusion of galls. 
Tho purest albumen is obtained from white of egg or the serum 
of blood, by neutralising carefully the alkali they contain with 
acetic acid, and then adding cold water, which causes the depo- 
sition of translucent flocculi, which, when washed with water, 
have the appearance of flour paste. This, dried at a gentle 
heat, is albumen, as pure as we know it. But even in this state 
it contains earthy and alkaline phosphates, without which it 
never exists in any organic fluid or tissue. If white of egg, 
mixed with twice its bulk of water, be pressed through a cloth, 
to break the cells, and a little subacetate of lead added to the 
liquid, an abundant precipitate is formed. This is to be washed, 
mixed with water, and decomposed by a current of carbonic acid. 
The whole is filtered, and to tho filtered liquid there is added a 
few drops of sulphuretted hydrogen, and it is warmed to about 
140° F., not more, when the first flocks of albumen which 
coagulate -carry down with them the whole of the sulphuret of 
lead* The liquid is now again filtered, and evaporated to dryness 
at 104° F., when the dry residue is soluble albumen, said to be 
free from mineral matter. 

To obtain pure coagulated albumen, mix white of egg with its 
bulk of water, filter and evaporate at 101° F. to the original bulk. 
Then add a concentrated solution of caustic potash : the whole 
soon forms a translucid yellowish elastic mass. This is broken up, 
exhausted by cold water, avoiding the contact of air. It is then 
dissolved in boiling water, or in boiling alcohol, and the solution 
precipitated by acetio or phosphoric acid. Tho precipitate, if well 
washed, is pure insoluble albumen, and leaves no ash when burnt. 

Soluble albumen thus purified is transparent, amorphous, almost 
colourless, and tasteless. It leaves, at most, a very trifling ash, 
whioh is neutral. It dissolves slowly in water at a very moderate 
heat, but not entirely, some part beooming insoluble. Its concen- 
trated solution is ropy, like the white of egg. White of egg, dried 

x x 
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in vacuo, loaves thirteen per cent, of ash, chiefly phosphate of 
lime. 

Pure coagulated or insoluble albumen is, when dry, yellow, 
transparent like horn, and brittle. The solution of soluble 
albumen coagulates entirely when heated to 150° F., or a little 
more ; coagulated albumen is quite insoluble in cold water ; 
boiling water dissolves it in part, but alters it. If kept in a 
sealed tube for some time in contact with water at 302° F., it 
dissolves by degrees to a clear liquid, which has lost tho power of 
coagulating by heat. 

Solution of albumen causes the plane of polarisation to deviate 
to the left. 

When it putrifies, albumen yields, among other products, 
sulphuretted hydrogen or sulphuret of ammonium, as is observed 
in the putrefaction of eggs. Among the other products are 
valerianio and butyric acids, a crystalline body of a pungent 
odour; an oily acid, and a peculiar substance, winch dissolves in 
hydrochloric acid with a lino violet colour, yielding tyrosine with 
othfcr substances. When heated it burns with the odour of burnt 
horn or feathers. When heated with dry caustic potash, till 
hydrogen begins to come off, it is partially oxidised, producing 
leucine and tyrosine, and in tho addition of an acid, yields 
offensive volatile products not yet examined, the odour of which 
is stercoraceous. When more fully oxidised by sulphuric acid 
and peroxide of manganese or bichromate of potash, it yields 
oil of bitter almonds, benzoic acid, various aldehydes, C» Hn — i , 
0, H 0 ; various volatile acid s, (On Hn ) 8 0* ; and various 
nitryles, such as hydrocyanic acid or formonitryle, II Cy or Ca 
H N ; acetonitrylo or cyanide of methyle, C* Ila N, or Ca II 3 , 
Ca N ; valeronitryle, &c., &c. ; besides other products not yet 
investigated, by the study of all of which we shall in time unravel 
its very complex constitution. 

The emulsine of almonds is a variety of albumen, with which 
it agrees closely in properties. Its chief peculiarity is that it is 
capable v of causing that peculiar fermentation in amygdaline, by 
whioh the oil of bitter almonds is formed. It also acts as a ferment 
to salicine. In doing this, it, like other ferments, acts in virtue 
of a state of decomposition, commenced by the oxygen of the 
atmosphere, but it is the only ferment yet known which acts on 
amygdaline. The emulsine of sweet almonds is the same as that 
of bitter almonds. Diastase, the ferment in malt, is also albumen 
in a state of decomposition. 

The emulsive or albuminous matter of mustard seed is another 
variety of albumen, capable of acting as a ferment on that 
compound which- yields the oil of mustard. 
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The composition of albumen is not positively kuown. We have 
given the formula which appears best to represent the results of 
analysis. But it may bo mentioned here, that Licbcrkiihn proposes 
the formula Cu* H 112 Ni« S a 0*4 ; while Hunt4hinks that the sul- 
phur in it replaces part of the oxygen in a hypothetical compound 
C**IIi7 Ns Os which is supposed to be derived from 2 eqs. of cel- 
lulose or of starch, 2 (C12H10O10) with 3 eqs. of ammonia, 3 N Ha , 
by the separation of 12 eqs. of water. Thus, 2 (C12 lii 0 O10 ) -f- 
3 N Hs — 12 H 0 = C21H17 Na Os . If 1 eq. of oxygen be replaced 

by sulphur, then we have ^ 17 j . This multiplied by 6, 

would give Ci** H 102 Nis Sa O 42 , which agrees well enough with 
the preceding in the carbon, nitrogen, and oxygen, but has too 
little hydrogen, and too much sulphur by far. On this account 
Hunt’s idea must be regarded as very doubtful, since we can 
hardly suppose sulphur to replace loss than 1 eq. of oxygen in the 
supposed compound. All chemists agree, however, in giving to 
albumen a complex formula. 

While white of egg is very carefully neutralised by acetic acid, 
and then much diluted, it deposits, on standing, albumen in a 
llocculent shape. This precipitate dissolves readily in solution of 
salt or of nitre, and the solution coagulates with heat. When we 
add to serum or white of egg a certain amount of a neutral salt, 
it becomes precipitable by those acids, such as phosphoric, acetic, 
oxalic, &c,, which had previously no effect. And if to a solution 
of albumen in acetic acid we add a neutral salt, the albumen 
becomes more easily coagulable by heat. So that elevation of 
temperature and increase of saline matter, both contribute to the 
formation of insoluble albumen, and probably to the construction 
of tissues in the animal body. 

Albumen seems to be a weak acid, and is supposed to be bibasic. 
Caustic potash, added to white of egg, converts it into a gelatinous 
mass. This, if washed with water, is soluble in boiling water and 
boiling alcohol. Its solution is not coagulated by heat, but acids 
cause an abundant coagulum, soluble in excess of acid. These 
are the characters of caseine, and it is quite possible that caseine 
may be this albuminate of potash. If the gelatinous mass be 
washed with cold water, dissolved in hot alcohol, precipitated by 
ether, the precipitate dried, powdered, and thoroughly washed 
with water, we obtain an insoluble albuminate of potash, which con- 
tains 5*5 per cent, of potash, that is, 2 eqs. for Cu* in the albumen. 

Albuminate of soda appears to bo the compound present in 
serum and white of egg. It is now thought probable that it is 
an acid albuminate, that is, a salt with 1 eq. fixed base, to 1 eq. 
of a bibasic acid. When boiled, it is resolved into albumen, which 
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coagulates and is found to oontain no alkali, and neutral albumi- 
nate of soda, which remains dissolved. Caiistio soda forms with 
white of egg a gelatinous albuminate, soluble like that of potash, 
which seems to be the neutral salt just mentioned, with 2 eqs. of 
soda. White of egg contains 1*6 per cent., the soluble or neutral 
albuminate contains 3*7 per oent. of soda, and these numbers 
agree with the calculation from 1 eq. and 2 eqs. of soda for 1 of 
albumen, Ci**HnoNa a Nis Ss 0** + 2 aq. We have already 
stated that this formula for albumen is not certain, but yet it is 
not far from the truth as to tho relative proportions. Tlio albu- 
minate of mercury is insoluble as well as that of copper. Hence, 
white of egg is used as an antidote in cases of poisoning by salts 
of these metals. 

Fibrine . This compound is found in vegetable juices, which 
deposit it spontaneously on standing; that is, it spontaneously 
coagulates. It is found also in seeds, especially those of the 
cereals, and in smaller quantity in other seeds. It occurs dis- 
solved in blood, and is spontaneously coagulated on standing, 
when it includes the red globules, and forms the dot; but if 
the blood be stirred when drawn, it is obtained free from the 
globules, and white. It constitutes also the chief part of 
muscular fibre. Fibrine is best obtained from blood, by boating 
with a bundle of rods, to which it adheres in strings. These are 
placed in a current of water for some time to wash away tho blood 
globules. Those parts which still appear red arc picked out, and 
the residue placed in water to which a few drops of acetic acid 
have been added. Here it swells up into a translucent mass, in 
which impurities are easily seen and removed. The clean portion 
is again washed to remove the acid, when it shrinks to its former 
hulk, and acquires its fibrous aspect. It still contains fatty matter 
and water ; the fat is removed by drying it and boiling with 
aloohol and other. It is also found dissolved in chyle and lymph. 
It is characterised by its spontaneous coagulation from its natural 
solutions, after which it is quito insoluble, and resembles 
coagulated albumen ; and the composition of tho pure fibrine of 
flesh and of flour is the same as that of blood albumen as nearly 
as can be ascertained, although we cannot yet say that they are 
absolutely isomeric, because the amount of phosphates may differ. 
The composition of blood fibrine is said to bo different in tho phos- 
phates. Fibrine from wheat-flour, and fibrine of muscle, both 
dissolve in weak hydrochlorio acid (1 drop to an ounce of water), 
forming a turbid fluid, in which common salt causes coagulation. 
Fibrine of blood, in the same acid, swells up to a beautiful jelly, 
but does not dissolve, probably on account of some difference in 
the phosphates. Coagulated fibrine, whether vegetable or animal, 
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when covered with water and left to itself, undergoes a ehange ; 
a small part of it put rides, and the rest is dissolved. The liquid, 
freed from fat by filtration, now contains albumen, coagulable by 
heat and acids ; and this is accounted for by the fact, that the 
proportion of the organic elements is the same in both. 

It must be remembered, that fibriue, as obtained from blood, or 
flesh, or in any other way, is always in the insoluble or coagulated 
form ; for we cannot preserve it in the soluble form in which it 
exists in blood, in vegetable juices, and probably also in flesh. It 
is supposed that the rigidity which occurs in the muscles soon 
after death, depends on the fibrino of the muscles passing into the 
insoluble state. At all events, the fibrine of flesh, as soon as we 
can obtain it, is insoluble ; nor can we at all explain why the 
dissolved fibrino becomes insoluble. 

It appears that fibrine is not, or at least not always, homogeneous; 
for it may bo divided into two parts by crystallisable aoetic acid, 
and the microscope shows both fibres and a granular matter, the 
latter being soluble in the acetic acid, the former only swelling up 
to a jelly. But as some specimens are entirely dissolved, and 
others hardly at all, it is probable that these two substances are 
mixed in variable proportions. They must be nearly alike in 
composition, for the analysis of fibrine gives numbers almost 
exactly the same as those of albumen, but varying, within certain 
limits, less or more. 

By the action of neutral salts, aided by a little alkali, fibrine is 
dissolved, and the solution has tho properties of albumen. 

Gluten is tho name given to the azotised matter of grain, which 
appears to be a mixture of fibrine with glutine, an azotised substance 
soluble in alcohol. Gluten is distinguished for the facility with 
which it passes, as in malt, into tho state of a soluble ferment, 
called diastase , and this again for its energetic action on starch, of 
whioh 2000 parts may be converted into glucose by 1 of diastase. 
But as the same effect is produced by contact with putrid flesh, yeast, 
gastric juice, and animal membranes, it is probable that diastase is 
not a distinct compound, but only soluble fibrine in a state of change. 

The products of decomposition of fibrine resemble those of 
albumen; but it appears that fibrine more readily undergoes 
that action, when boiled with strong potash, or heated to a 
certain point with dry potash, by which tyrosine and leucine are 
formed. The volatile products of oxidation are tho same as 
those of albumen. The products of the putrefaction of fibrine are 
precisely the same as in the case of albumen. 

Leucine , C« N Hia O* , has been already mentioned, as homo* 
logous with glyoocine and alanine, and has the same relation to 
valerianio acid as they have to formio and acetio acids, or rather 
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tiie same relation to valeraldehyde as they have to formaldehyde 
and aldehyde, Cu N IIu 0.= C. N H + C.o Hio 0.+ 2H0, 
It orystallises in scales, which are volatile, and when heated with 
potash yields valerianio acid, carbonio acid, and hydrogen. 

Ci£ H»0. + 3 (KO, HO) = KO, Cu> H. 0, + N H» + 2 (KO, CO» ) + H. 

Leucine Valerianate of Potash. 

Leucine lias been detected in the liver of the calf, as a natural 
product. 

Leucine is isomeric with suoh a oompound as would be formed 
by the combination of 1 cq. cyanic acid, 1 eq. oxide of amyle, 
and 2 eqs. water, Cia N IIw 0* = Ca N 0 -f- Cio lln 0 + 2H 0. 
But when cyanic acid acts on hydrated oxide of amyle, it yields 
allophanate of oxide of amyle, Cn Na Hi* Oo = Cio Hu O -f 
C* Na H» Os, which is a crystalline compound quite distinct 
from loucine. And when cyanate of potash is distilled with 
sulphamylate of potash, there are formed cyanato of oxide of 
amyle, and its polymeric cyanurate of oxide of amyle, Cio H 11 
0, Ca N 0, and 3 (C 10 H 11 0) + Co Ns Oa; both also distinct 
from leucine, the former being (ha N Hn Oa, and the latter three 
times that formula. There can be little doubt, therefore, that 
leucine is really the homologue of glycocine and alanine, and that 
with hyponitrous acid it will yield the leucic acid, C 12 TI 12 Oo , 
homologous with glycolio and lactic acids ; as also that it will 
form a benzoleueic acid, Caa His O 10 = C 20 His Os , 2 H 0, homo- 
logous with benzoglycolio and benzolactic acids. The best 
method of preparing leucine will be presently described, along 
with that for tyrosine. Leucine is found among tho products of 
the putrefaction of fibrine, as well as of albumen. Leucine is 
also isomeric with araylo -urethane, or carbamate of oxide of amyle. 

Tyrosine , Cxs N lln Os, is formed along with loucine and other 
compounds not yet investigated, when to fused caustic potash an 
equal weight of dry librine is added, and the mixture, which 
froths much, is heated till the colour changes from dark brown 
to yellow. The mass is then dissolved in water, neutralised with 
acetic acid, and, after filtration, allowed to cool. Tyrosine is 
deposited in concenlrio groups of needles. The mother liquid, 
on further evaporation, yields leucine, which is purified by means 
of alcohol, in which it dissolves along with potash, whioh is 
separated by adding sulphuric acid. The alcoholic solution is 
evaporated, the residue dissolved in water, and then treated with 
acetate of lead to remove sulphuric acid, and with sulphuretted 
hydrogen to remove lead, and the liquid on evaporation yields 
crystals of leucine. Both leucine and tyrosine are also formed 
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wfcen albumen or fibrine is boiled for six or eight hours with 4 
or 5 parts of strong hydrochloric acid, or with sulphuric acid 
diluted with 4 parts of water. The solution is evaporated in the 
water-bath, the residue dissolved in water, mixed with excess 
of lime, boiled to expel ammonia, and filtered. The liquid on 
evaporation yields a syrupy mass with crystals. Alcohol of 86 
per cent, dissolves the syrup and leaves the crystals, consisting 
of leucine and tyrosine, which are separated by their different 
solubility in water. It is to bo observed that acids produce a 
third crystalline body, resembling leucine and tyrosine, but 
different from both. These two substances are also formed in 
the putrefaction of fibrine, &c., along with a peculiar volatile 
crystalline body, having a penetrating and putrid smell, but not 
yet analysed. When leucine putrifies, it yields valerianic acid 
and ammonia, with other products. The formation of leucine 
appears to precede that of tyrosine (Bopp). Ilinterbcrger has 
recently shown that tyrosine is also obtained by the action of 
potash or sulphuric acid on horn, and in a larger proportion 
than from fibrine, with less leucine. Horn yields almost 1 per 
cent, of its weight of pure dry tyrosine. Warren de la ltue has 
found tyrosine in cochineal, so that it is a nataral product of 
animal life. 

Tyrosine forms long fibrous cystals, sparingly soluble in cold 
water and alcohol, more soluble in hot water. It is evidently a 
Bubstance of a very peculiar nature, and must be thoroughly 
investigated. Iu composition, tyrosine, Cia N Hu Oa, comes 
nearest to hippurio acid, Ci» N Ho Oe; but we have, as yet, 
no experiments to show any practical relation between them. 
Tyrosine is neutral, but it is capable of uniting with bases. 
When acted on by diluted nitric acid, it yields a new compound, 
Oxs Ns 111! Cl = Ci8 N Hu Oa -f- 2 N Oo. It is not, however, 
a compound of tyrosine and nitrio acid, but of nitric acid 1 eq. 

and nitrotyrosine 1 eq. Cis Ns Hu Oia = Cis N j 0« -f- 

N Oa , II 0. The first group of the last formula, nitrotyrosine, 
is tyrosine, in which 1 eq. of hydrogen is replaced by 1 eq. of 
nitrous acid. It has, in a higher degree than tyrosine itself, 
feeble basio properties, and combines not only with nitrio, but 
with sulphuric and hydrochloric aoids. But it also combines 
with oxide of silver, in the proportion of 2 eqs, of nitrotyrosine 
to 3 of oxide of silver. Nitrotyrosine forms yellow crystals. 

Leucine and tyrosine have here been described as products of 
the decomposition of fibrine ; hut it must he remembered, that 
they are also obtained in the decomposition of albumen, 
caseiue, and horn, by the action of alkalies and of acids, and by 
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putrefaotion. They aTe interesting, beoause the fact that th^y 
occur in so many ways, is a proof either that they form two of 
the proximate constituents of sanguigenous matter, or that they 
enter into' the composition of such proximate constituents, which 
are not yet known. They are certainly some of the intermediate 
products of the destruction of animal tissues, between the 
sanguigenous bodies at one extreme, and the still less complex 
excreted compounds, such as uric acid, hippurio acid, urea, 
kreatine, kreatinine, &c., and are rather too near the latter to 
be the true proximate constituents of sanguigenous matter. 

Caseine, This, tho third great form of sanguigenous matter, 
is, like the two already described, found in vegetables, chiefly in 
seeds, and in largest proportion in leguminous seeds ; lienee it is 
sometimes callod legumine. In the animal kingdom it is chielly 
found dissolved in milk, as it is in smaller proportion in some 
vegetable juioes. It is distinguished from fibrin e and albumen 
by its not coagulating either spontaneously or by heat, and by 
forming a skin when its solution is evaporated. Its formula (on 
the supposition of 2 eqs. of sulphur) is said by Liebig to be Casa 
Ns« S* Haas Ooo, with phosphates, aud there is no difference 
between vegetable and animal caseine, Gerhardt and other 
chemists consider caseine as the albuminate of potash, and 
insoluble or coagulated caseine as isomeric with albumen. The 
latter view explains very easily the ready conversion of one into 
the other in plants or animals ; but Liebig's view, as we shall see, 
may also bo so applied as to explain this remarkable fact. Caseine 
is not coagulated by heat, but is coagulated by dilute acids, 
which are unable to coagulate albumen. It is easily redissolved 
by alkalies. 

In milk, which is alkaline, oasoino is dissolved, along with 
sugar of milk, salts, and suspended oil or butter. When milk 
turns sour, its alkali is gradually neutralised and overpowered 
by laotio acid, produced by the fermentation of sugar of milk, 
and the caseine at last coagulates from the presence of free 
acid. It is absolutely certain that caseine, in the animal body, 
can yield albumen and fibrine, beoause young animals, fed on 
milk alone, produce blood and muscle, and milk contains no 
other sanguigenous compound than oaseine. Cheese is coagu- 
lated and pressed oaseine, and when made from well-skimmed 
milk, is nearly pure ; but that made from sweet milk or cream 
contains also much butter. The infusion of the lining mem- 
brane of a oalf s fourth stomach, or rennet, as it is called, contains 
albumen or some other substance of a like nature, in a state of 
decay, that is, of decomposition. It acts on the sugar in milk, 
converts a part of it into lactic acid, and thus causes coagulation ; 
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but as curd is formed before the milk has become sour, we must 
infer either that the oaseine coagulates as soon as the milk 
becomes neutral, or that the ferment or rennet coagulates it by an 
action of contact. Perhaps both are true. Nay, it has been found 
that milk, even when made distinctly alkaline, coagulates with 
rennet if warmed rather more than without the alkali. Indeed, 
it would appear that the curd, a coagulated caseine, is a compound 
of caseine with phosphate of lime. For if an acid be cautiously 
added, so as just to neutralise the alkali, the milk remains liquid, 
but coagulates on boiling, and this curd is like that from rennet, 
insoluble in alkaline solutions, in which pure caseine is soluble. 
Caseine is the proper ferment for the lactio and butyric fermen- 
tation, as fibrine or gluten is for the vinous fermentation. The 
caseine of peas and beaus is obtained by rubbing up the seeds 
with water, and allowing the starch to settle. We have then a 
solution of caseine, turbid, and, but for the absence of butter 
and sugar, hardly to be distinguished from skimmed milk. The 
Chinese make cheese from peas and beans, and coagulate it by 
rennet. This cheese, when it decays or putriiies, acquires the 
peculiar smell and taste which characterise the cheese from milk 
in the same states. Fresh cheese is tasteless, save for the butter 
in it ; but on keeping, oily acids, such as butyric and valerianic 
acids, and ammonia, arc slowly formed, and hence the strong 
flavour of old cheese. (See Milk and Cheese .) 

The products of the decomposition of caseine are almost 
exactly the same as those of albumen and fibrine, whether it be 
decomposed by alkalies, by acids, or by putrefaction ; for it yields 
leucine, tyrosine, benzoio acid, hyduret of benzoyle, various 
aldehydes and volatile acids, # and several nitrylcs, such as 
hydrocyanic acid, or formonitryle, acetonitryle, and valeronitryle. 
Besides all these, there are, as in albumen and fibrine, many 
others not yet fully studied. 

Such is a brief account of the chief sanguigenous compounds, 
and of the products of their decomposition. Some other sub- 
stances, occasionally described with these, appear to be simply 
impure albumen, fibrine, or caseine. Such are Fungine y from 
mushrooms ; Gliadine , the viscid portion of the gluten of wheat- 
flour ; and Diastase , the supposed active principle of malt, which 
oonverts starch into sugar. It is fibrine in a stato of change, 
and its action on sugar depends on that state, which is induced 
when grain is moistened and allowed to germinate, as in malting. 
The substance of horn } feathers , and hair, seems to be a modi- 
fication of coagulated albumen, It is no longer fit for sanguifica- 
tion perhaps from its insolubility ; but the products of its decom- 
position are similar to those of sanguigenous matter. Animal 
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mucus much resembles albumen, when dried. It then swells up 
51 moistened, like gum trag&canth. It forms a precipitate with 
picric acid. Like albumen and fibrine it contains sulphur, and 
it is a powerful ferment, as is seen in bile and urine, both of 
which putrify when left in contact with tho mucus of the gall- 
bladder or of the urinary bladder, but do not undergo putre- 
faction or fermentation, if the mucus be removed. Globuline , 
the colourless azotised matter of the blood globules, also found in 
the crystalline humour of the eye, is another albuminous com- 
pound, very nearly related to albumen, Fibroine is the name 
given to an albuminous substance found in silk and in sponge. 
Vitelline is tho albuminous matter of the yolk of eggs. Ichthine 
is that of the yolk of the ova of cartilaginous fishes. E my dine is 
that of the yolk of tho turtle’s eggs. Crystallohematine is a 
crystalline substance, generally red, but colourless when pure, 
found in the blood of certain animals, especially of rodentia and 
carnivora. It is an azotised compound, but its exact composition 
is not yet known. It is very easily altered, and cannot be 
recrystallised from its solution. 

The most interesting fact connected with sanguigenous bodies 
is, their mutual convertibility. Any one of the three is capable 
of forming the two others in the body, for animals can live on 
milk, on eggs or blood, and on flour or muscle, which respectively 
contain, almost no sanguigenous matter, but caseine, albumen, 
and fibrine. The apparent isomerism of the fibrine of flesh 
and flour, with the albumen of blood, is also very important, 
especially as we can now convert that fibrine into albumen 
artificially. 

When a vegetable juice, ewataining one or more of these 
compounds along with sugar, is exposed to the air, oxygen is 
absorbed, and a change is commenced in the albumen, fibrine, 
caseine, gluten, &o., which is soon communicated to the sugar, 
causing it to undergo the vinous fermentation. The temperature 
rises, and occasionally the viscous fermentation takes place, 
producing lactic acid, gum, and mannite. During fermentation, 
a grey deposit is formed ; this is yeast or ferment. When the 
whole of the azotised principles have not been decomposed or 
rendered insoluble, the liquid, if excluded from air, remains 
without further ohange ; but if air be admitted, the alcohol is 
converted into acetic acid, oxygen being absorbed by the azotised 
matters, the contact of whioli causes tho alcohol also to absorb 
oxygen. When the sugar is in excess, only part of it is converted 
into alcohol, and part of the azotised matter takes the form of 
insoluble yeast, the rest being decomposed. The saccharine and 
spirituous liquid undergoes no further alteration. All the above 
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statements apply to the juioe of the grape, and to the formation 
of wines and vinegar. It has been already mentioned that grape 
juice does not ferment if air, filtered through cotton or asbestos, 
be supplied to it; and that when uniiltered air is admitted, 
fermentation occurs, accompanied by the development of minute 
cellular plants or fungi. It would appear that the germ of these 
obtain access and find their proper pabulum in the juice. Some 
infusions, as that of meat, however, ferment even when supplied 
with filtered air. The presence of the germs is not perhaps 
essential, but it may assist in commencing the change, which, when 
once begun, contimies till either the ferment or the sugar is 
decomposed. 

When the juice, as that of the grape, contains tartaric acid, 
ethers are formed, which give the liquid a peculiar smell and 
flavour, such as cenanthio ether, which is characteristic of all 
wines. When a juice contains sugar and caseine, it is most apt 
to undergo the lactic fermentation, or at least the caseine 
favours the production of lactic acid from the sugar. But at a 
high temperature, suoh as 100°, butyric acid is formed, instead 
of lactic acid. 

Vegetable fibrine, as it is found in wheat-flour, is subject to 
continual alteration by contact with water ; and in this state it 
has the singular property of converting starch into dextrine, a 
soluble gum, and then into sugar. This remarkable power is 
best seen iu germinating grain, as in malt, of which a small part 
mixed with a large quantity of starch in a thick paste, and 
warmed to 150° or 160°, very soon renders the whole quite fluid 
and dissolved, and finally converts it into grape sugar. That 
part of tho iibrino which acts on the starch has become soluble in 
water. It is called diastase . 

Diastase is made by rubbing up malt with a little water, 
expressing the mixture, adding just enough alcohol to separate 
the albumen, and to allow the liquid to filter. Tho filtered 
liquid mixed with more alcohol, deposits the diastase. It is 
purified by being repeatedly dissolved in water and precipitated 
by alcohol. It is finally dried at a temperature of 100° or 110°. 
Thus prepared, diastase cannot be a pure compound, but it 
possesses in a high dogree the power of promoting the solution 
of starch, that is, its conversion into dextrine and sugar. One 
part of diastase can convert into dextrine, with a little sugar, no 
less than 2000 parts of starch. Diastase is evidently fibrine 
altered, and still more prone to change. Its solution cannot be 
kept, it becomes acid, and loses its notion on starch. 

Malt is made by softening barley in water, and then ex- 
posing it to the air in moderately thick layers, at a moderate 
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temperature, turning it frequently. In about four days the seeds 
germinate) if they have not been allowed to become too hot, and 
if the air has had free access. As soon as tho germ has 
acquired the length of the seed, the operation is checked by 
drying the seeds in a current of warm air. They now constitute 
malt. In this operation much carbonio acid is given off, oxygen 
being no doubt absorbed ; the azotised matter in the seeds has 
undergone a change, and has acquired the properties of diastase ; 
and the staroh has in part disappeared, its place being supplied 
by grape sugar and dextrine. 

When the malt is infused in warm water, the metamorphosis 
of the starch is completed, and tho whole dextrine passes into 
sugar, which dissolves, along with extractive matter and salts. 
The solution is called must . When sufficiently concentrated, 
hops and yeast are added, and fermentation being carried on, the 
result is beer or ale y according to the strength of the must. When 
the malt has been in part roasted, tho beer becomes very dark- 
coloured, as in the case of porter . 

To obtain grain spirit, the njeal, either of barley, oats, or rye, 
or a mixture, is digested in warm water along with 1 part of 
malt for 4 of meal, till tho mass, at first thick, becomes fluid, a 
proof that all the starch has been metamorphosed. Yeast is 
then added, and, after fermentation, the must, or wort as it is 
called, is distilled and rectified. Potato spirit is obtained in 
the same way, only using potato starch, instead of barley meal 
or rye flour. 

Many other vogetable matters, and many fruits, may be made 
to yield spirit, malt or diastase being used in all cases where 
starch is to be converted into sugar. 

Potato spirit is accompanied by the hydrated oxide of amyle, or 
oil of potato spirit, or amylic alcohol, with some butylio alcohol, 
and probably other aloohols : grain spirit by an oily matter, con- 
sisting chiefly of margaric, capric, and ocnanthio acids, probably 
m paifc as margaric and omanthio ether, and of a volatile 
oil, called by Mulder oleum siticitm, that is, oil of grain. 
Wine spirit, that is, brandy , ooutains cenanthio ether, and the 
spirit of molasses, or rum t owes its flavour to butyric ether. 
Brandy, but especially tho coarse brandy made from the expressed 
grapes, contains besides alcohol, methylio, propylic, butylio, much 
amylio, and some caproio alcohol. The oils which contaminate 
potato and grain spirit are offensive, and even injurious to health : 
they are included by the Germans under the general term Fuseloel 
and, as we have, seen, are chiefly oomposed of several alcohols* 
among which the amylio predominates, an alcohol of a very 
unpleasant odour. There are also compounds of oxide of ethyl© 
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and perhaps some of its homologues, -with oily acids, some of which 
are fragrant, others unpleasant. 

Yeasty or Ferment , is the mass which rises to the surface 
during the vinous fermentation of grape juice, infusion of malt 
or other similar liquids. If yeast have been added, as is usual in 
the ease of malt, and absolutely necessary when we wish to 
ferment a solution of pure sugar, then at the end of the process, 
in those liquids which contain, as grape juice and infusion of 
malt do, much soluble albuminous matter (fibrine), we find in the 
scum carried up by the carbonio acid gas, a quantity of yeast 
much larger than we have added to the liquid. 

This yeast is a mixture of starch or dextrine, sugar, insoluble 
fibrine, and hordeiney a form of cellulose or woody fibre. If kept 
it continues to decompose, giving off carbonio acid, till at last all 
the fibrine has been rendered soluble and decomposed, and all the 
starch, dextrine, or sugar, converted into alcohol, or, if air be freely 
admitted, into acetic acid. Finally, an insoluble residue is left 
which is cellulose. It is a disputed point, whether this cellulose 
was at first mechanically suspended in the juice, infusion, or yeast, 
or whether it lias been produced, possibly as a result of the growth 
of minute fungi, from dextrine or sugar previously dissolved. It 
is difficult to decide, as yeast always contains much insoluble 
matter, and wc must add yeast in order to reproduce it. Still it 
is probable, since we obtain much more yeast from a nearly or 
quite clear infusion of malt, than we added to it, and of muoh 
the same or exactly the same quality, that cellulose is here 
reproduced from dextrine or sugar. 

A given weight of yeast can only convert into alcohol and 
carbonic acid a limited amount of sugar, because the yeast acts in 
virtue of its decomposition, and as soon as it is all decomposed, 
and cellulose alone is left, the action of course ceases. 

The ferment of grape juice is oallcd the lees of wine. 

Patiification. Bread may be made from any fiour containing, 
as all good Hour docs, vegetable fibrine, sugar, and starch. The 
flour being made into a paste with warm water, and yeast being 
added, it is set aside in a warm plaee. After a time, more flour 
is kneaded into the mass, which has begun to rise, and the whole 
is now heated in the oven, or baked. The yeast induces the 
vinous fermentation in the sugar of the flour, and the alcohol 
and carbonio acid escaping, raise the bread and render it porous. 
The staroh in general is little changed, but the sugar disappears, 
as well as a part of the gluten or fibrine. To avoid this loss, 
bread is now raised by means of carbonate of soda or ammonia 
and a diluted aoid, whioh are added to tho dough, and the effect 
is perfectly satisfactory. Equally good or better bread is obtained* 
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and the quantity of flour which will yield 1500 loaves by fermen- 
tation, furnishes 1600 by the new method, the sugar and librine 
being saved. It has been stated that the increased weight is due 
to water merely, but it is not easy to see why the sugar, retained 
in the new method, and decomposed in tho old, for alcohol may 
be oollected from bread during its formation by the old method, 
should not add to the weight of the solid residue. It is at all 
events certain that excellent bread is made without the use of 
yeast. The addition of a little alum to tho dough is useful in 
arresting that decomposition in the Hour which is apt to occur if 
it have been kept in a moist place. Too much alum cannot bo 
introduced, as it would prevent the fermentation. The best 
addition to flour which has suffered from moisture, is lime-water, 
which neutralises the acid formed, and destroys tho musty 
flavour, restoring the sweetness of the flour. It is also quite 
wholesome, and is even a most desirable addition in the case of 
children, who consume much lime in their growth. 

Mucus , the semi-fluid matter that is found on the surface of 
the mucous membranes, and also in the urinary and gall bladders, 
is another form of albuminous matter. Its analysis comes very 
near to that of albumen, and the precise difference, if any, between 
them, is not known. 

We have already mentioned that sanguigenous bodies can 
alone yield blood, and that they also form tissues ; but they are 
not, strictly speaking, the only compound of which tissues may 
be formed. The membranes and vessels, as well as some other 
parts, are composed of gelatine, and are called the gelatigenous 
tissues. But gelatine cannot yield blood, and the reason is very 
obvious, in its composition ; for it contains no sulphur. Ohondrine, 
the substance of which cartilage is formed, agrees in this respect 
with gelatine. 

Gelatine is found in the skin, the cellular membranes, and 
membranes in general. Its distinguishing character is that of 
dissolving in hot water, and forming a jolly on cooling. The 
impure gelatine obtained by boiling hoofs and bides is called 
glue. Tho purest gelatine is isinglass, from the air-bladder of 
fishes. But the gelatine of bones, hoofs, and skins may he 
purified so as to be equal to isinglass. It is often called os&einc, 
and the name of gelatine is now given to the product of boiling it 
with water. When dry, it is quite transparent, and soluble in 
water r it is likewise very adhesive. Its formula, according to 
the latest analysis, is Csa Nis He? Osa. But the property of 
gelatinising depends on the presence of phosphates; for when 
gelatine is long boiled with water alone, or with a little alkali, 
phosphate of lime is deposited, and the solution no longer forms a 
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jelly on cooling. The distinguishing character of gelatine or 
rather of osseine, is that of being slowly dissolved by boiling with 
water, and then forming a jelly on cooling. In this change the 
weight of the osseine, whether from bones or otherwise, is not 
altered, and its composition remains the same. 

Tannine , or tannic acid, converts osseine into leather. But the 
finer kinds of skins are not tanned, but prepared by means of 
hydroohlorate of alumina, made by adding common salt to 
solution of alum. The alumina combines with tho osseine, 
forming an iraputrescible substance, in which the structure of the 
original membrane is not injured. The soft supple kid leather, 
and what is called Hungary leather, for saddles and harness, 
which are remarkably supple, are prepared in this way. 

In the bones of certain palmipedes, the vertebra) of fishes, and 
some shells, there is found an insoluble form of osseine, not 
converted into gelatine by boiling with water. 

Chondrine , the gelatine of cartilages, is similar to gelatine, but 
its composition is best represented by the formula, C72 N 9 IIm> 0 s 2 , 
and phosphates. It is precipitated, when in solution, by acids, 
alum, and salts of lead, which do not precipitate gelatine. Both 
gelatine and chondrine are precipitated by infusion of galls ; and 
leather is a compound of tannic acid with gelatine. The matter 
of the elastic tissue, such as that of the yellow ligaments of the 
vertebral column, differs both from osseine and chondrine. 

When osseine or gelatine is acted on by potash, it yields, among 
other products, glycocine or glycocoll, C* N IIo 0 >, and leucine, 
homologous with it, C12NH13O4. With acids, similar results 
are obtained. When oxidised by means of sulphuric acid and 
bichromate of potash, gelatine yields many, if not all, of the 
products derived from Bangui genous bodies, except such as 
contain sulphur ; such as the aldehydes, tho volatile acids, and 
the nitryles, besides benzoio acid and liydurct of benzoyle, and 
an oil with the odour of oil of cinnamon, not yet analysed, pos- 
sibly a homologuo of the oil of bitter almonds or hyduret of 
benzoyle, C10 II s Oa , or Cis H10 Oa . 

It is most important to remember that gelatine is not capable 
of forming blood, and hence cannot be the chief constituent of 
food. If available at all, it can only bo to form membranes. 
As there is no reason why the above formula) should be doubled 
or multiplied, and they cannot be halved, because the eqs. of 
nitrogen are 13 and 9 , it would appear that gelatine and ohon- 
drine are both much less complex than albumen, fibrino, or 
oaseine, and in fact products, perhaps among the first products, of 
their destruction by oxidation. (See the processes going on in 
tho animal body.) They are themselves resolved, by further 
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oxidation, into products still less complex. But it is evident 
that along with gelatine or chondriue, some product or produots 
must be formed, containing the sulphur of the sanguigenous 
compounds. Suoh a body actually occurs in the bile. 

Bone contains from 37 to 44 per cent, of gelatine with vessels, 
nerves, &c. ; the rest are earthy matter, phosphate of lime chiefly. 
This proportion varies in disease, mollities ossium being attended 
with a deficiency of earthy matter. In young animals also, there 
is less than the average proportion of earthy matter, while in old 
age there is more of the earthy and less of the animal matter in 
the bones. 

The mineral ingredients of bone are, phosphate of lime, phos- 
phate of magnesia, common salt, and at all events in burnt or 
calcined bones, carbonate of lime. Besides theso, bones always 
contain fluoride of calcium, which has been said to be more 
abundant, and even to reach 12 or 15 per cent, in fossil bones. 
If so, the cause probably is, that a great part of the phosphate 
has been carried away by water containing carbonic acid, in 
which it dissolves, while the fluoride, being much more insoluble, 
is left. Iu recent bones, the amount of fluoride of calcium varies, 
but does not in all probability ever exceed 3 or 4 per cent., and is 
often muoh less. It has been stated that recent bones properly 
treated may be made to yield as much fluoride as fossil bones ; 
but it is probable, from the known action of water containing 
carbonic acid on bones, that there is generally loss phosphate, and 
consequently more fluoride, in the latter, than in the former. Its 
use would Becm to be to render the hones tougher, by destroying 
all tendency in the phosphate to crystallise. For pure phosphate 
of lime is much disposed to crystallise, and it is often observed 
that the presence of a small proportion of foreign matter deprives 
substances of the power of crystallising. 

Bone Black or Ivory Black is the black mass left when bones 
or teeth are calcined in close vessels. It consists of bone earth 
and charcoal, and the latter, being finely divided, has muoh 
decolorising and deodorising power. It is possible that all 
the varieties of animal charcoal owe some of their properties in 
part to the phosphates which they all contain in less proportion 
than bone black, and in part to the presence of some solid 
compound of carbon and nitrogen, such as paracyanogen. The 
oily matters obtained in the distillation of bones, known as 
DippeF s animal oil, are rich in volatile oily bases. Anderson has 
found in them all the known bases of the aniline and pyridine 
series, as well as others not fully studied. They also contain a 
good many of the bases of the methylamine series. 

Gerhardt has observed that gelatine dissolves in oil of vitriol, 
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and that the solution, if diluted and boiled, yields sulphate of 
ammonia, and a fermentcscible saccharine matter (probably 
glucose, or a body isomeric with it). 

This fact is important, for Hunt considers gelatine to be formed 
directly from cellulose and ammonia by the separation of water or 
of its elements. Thus : — 

Chi Hio 0,0 + 2 N Il3=r 6 II 0 + C« Hio N 2 0*. 

Cellulose. Gelatine. 

If this be the true formula of gelatine, then it is easy to see 
how, by taking up G or 8 eqs. of water, it may yield glucose and 
ammonia. Tho analysis of gelatine, however, does not yield so 
much nitrogen, by nearly 2 per cent., as Hunt’s formula requires. 
Still theso relations must be borne in mind. We have, with 
Liebig, and also with Hunt, supposed gelatine to contain no 
sulphur. But some chemists state that it does contain about O’G 
to 0*7 per cent. This may possibly bo essential, but may also 
depend on the presence of albuminous matter, which would also 
diminish the percentage of nitrogen. 

It may hero ho mentioned that some chemists regard osseine, or 
gelatine, chondrinc, and elastic yellow tissue, to be isomeric, at 
least so far as tho combustiblo elements are concerned. 

THE BILE. 

This important animal fluid is separated from the blood, in 
which it is always present in small proportion, by the liver, and 
colleetod in the gall bladder. Thence it passes into the small 
intestino, and on its way downwards, is entirely reabsorbed, and 
expelled from the system, not, as was formerly supposed, in the 
fmces, but in the form of various oxidised products, chiefly 
carbonic acid, water, ammonia, common salt, and sulphurio acid, 
by the lungs, tho skin, and tho kidneys. The colouring matter of 
the fceees, formerly regarded as bile, is not bile at all, and is 
moreover, even if it were bile, but a small fraction of the whole 
hepatic secretion. It may be one of the products derived from 
bile, but even this is doubtful, and it can represent at most a very 
small part of that secretion. 

Bile is a viscid oily liquid, of a greenish yellow colour, and 
very hitter taste, followed by a sweetish after-taste. It is 
entirely miscible with water, and its solution froths like one of 
soap. In the gall-bladder bile is mixed with mucus. This is 
got rid of by dissolving the bile in alcohol, Altering the 
solution from the mucus, and drying it up in the water-bath, 

L L 
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The driod bile boa a dark-green colour in mass, but in powder 
is much paler. It may be obtained nearly white by decolorising 
the alcoholic solution with animal charcoal. It still retains, 
besides the true bile, traces of cholesterine and of fats, which 
may be removed by ether. 

The bile, whioh, according to some of the best chemists, 
appeared to be a complex and variable mixture of a multitude 
of produots differing little in properties, has now become, by the 
admirable researches of Strecker, one of the most striking ex- 
amples of the insight gained into the most complex organio 
compounds by the study of the produots of their decomposition, 
and turns out to have a constitution very far from being so 
complex as was imagined. 

It is, in fact, a mixture, in oertain proportions which vary in 
different species of animals, but are permanent in each species, 
of two salts, of which the base is soda (with small and variable 
portions of potash and ammonia), and of which the acids are 
two remarkable products of the destruction of sanguigenous 
matter, and perhaps, one of them, of gelatigenous matter, by 
the oxygen of the blood. One of these acids, cholic acid , contains 
nitrogen ; the other, choleic acid , contains nitrogen and sulphur, 
the latter element being derived from the sanguigenous compounds. 

Cholic Acid, Cs 2 N His Oia = Csa N IIu On , II 0, is the first 
of these. It was discovered by Gmelin, but its nature and com- 
position were first ascertained by Strecker. When the solution 
of dry bile in absolute alcohol is mixed with other, a deposit is 
formed, which on standing is converted into a mass of small 
crystals. These are chiefly cholate of soda, with a little choleatc. 
When decomposed by sulphuric acid, radiated groups of crys- 
tals aro gradually deposited, which are cholic acid. They 
are sparingly soluble in water and ether, very soluble in 
alcohol. Cholic acid is decomposed when heated with mineral 
acids, and also when heated with potash. Its salts are hitter 
and sweet, and resemble soaps. They crystallise if in contact 
with ether. 

Paracholic Acid, isomeric with cholic acid, is formed with it, 
and left behind when the crystalline deposit caused by sulphuric 
acid i9 boiled with water, which dissolves the cholic acid. Para- 
cholio acid appears in pearly scales, insoluble in water. It- 
dissolves in alcohol, and on the addition of water is deposited 
almost entirely in the form of cholic acid ; so that each acid is 
capable of passing into the other. There exists also an amorphous 
form of oholio acid. 

When cholic acid is boiled with potash, it yields two products, 
namely, a basic compound, gtycocine, already described, and a 
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new acid, which forms very fino and regular crystals, which are 
either oblique rhombic tables, tetrahedra, or quadratic octahedra. 
This is the cholalic acid . This acid, the cholic acid of Demaryay, 
contains no nitrogen, and its formula is C*s H*o Oxo = C*s Ha® 
Ob, H 0. Its salts are somewhat like soaps, as itself resembles 
fatty aoids. Like cholic acid, cholalic acid appears in three 
isomeric modifications. The production of this acid and of 
glycocine from cholic acid is easily explained. 

To cholic acid . . Csa N II43 O12 

Add 2 cqs. water . Ha Oa 


Csa N Hi S Oh 

Deduct glycocine . C* N IIs 0* 

Remain . • C»s H*o O10 = Cholalic acid, C48 IIjw 0 «,II 0 . 

When cliolic acid is boiled with acids, it undergoes the 
same decomposition. Glycocine is found in combination with 
the acid used, and there is deposited, not cholalic acid, but 
choloidic acid } C w Hjo Oq , that is cholalic acid, minus 1 eq. of 
water. This new acid is isomeric with anhydrous cholalic acid, 
and when it combines with bases, choloidic acid loses no water. 
Its salts have, therefore, the same composition as those of cholalic 
acid, but different properties. The choloidic acid is resinous, 
and cannot crystallise. Its salts are also amorphous. The acid 
is insoluble in ^ater, soluble in alcohol. It was formerly called 
resin of bile. 

When choloidic acid is further boiled with hydrochloric acid, 
it loses 3 eqs. more water, and at last leaves an indifferent neutral 
resinous substance, called Dyslysino, the formula of which is Cas 
Has 0 0 . 

Such is the history of the first salt in bile, cliolate of soda. Its 
acid is resolved into cholalic acid and glycocine, and the cholalic 
acid is further converted by acids into choloidic acid and 
dyslysine. But in the bile these last compounds arc not present ; 
they are products of decomposition out of the body. Even 
cholalic acid is not known to exist in the body ; but as glycocine 
possibly does, in that case it may also be found. 

Choleic acid , Caa N Sa H*a O 11 =■ Caa N Ba Ha* Ois , II 0. The 
second salt of bile, choleate of soda, contains this acid, which, 
however, it is difficult to obtain in a state of purity. Its salts 
do not so readily crystallise as those of cholic acid, and its 
composition is known by the products of its decomposition. The 
acid itself resembles cholic acid in taste and other properties. 
When boiled with potash, it yields cholalic acid, and a new body, 
taurine , in whioli all the sulphur of the acid, as well as its 
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nitrogen, are found. When boiled with acids the same chango 
occurs, but the cholalio acid, as before, is changed into choloidic 
acid, and if the process be continued, into dyslysine. 

This at once shows us, that the two acids of bile are coupled 
compounds, in which the same acid, anhydrous cholalic acid, is 
coupled with two different compounds ; tho copula in cholic acid 
being anhydrous glycocine ; in cholic acid, anhydrous taurine. 
The latter ohange is thus represented : — 

To choleic acid .... Csa N Sa ILs Oi* 

Add 2 oqs. of water . . . Ha Oa 


Cm N 8s H<7 Omi 

Deduct cholalic acid . . . (hi ILo Ou> 

"Remains taurine . . . . C* N S u II; Uo 

Tattriwy C*NSaH7 0<), forms large and fine prisms, which 
are neutral, and have a cooling taste. It is very permanent, and 
is a very remarkable compound, from the largo amount of 
sulphur, upwards of 24 per cent., it contains. The formula of 
taurino is such, that it may bo made up of the elements of 1 cq. 
aldehyde, C* 11 * 0*, 1 cq. ammonia, N Ha, and2eqs. sulphurous 
acid, Sa 0*; but Redtenbacher found that sulphurous acid, acting 
on aldchydammonia, produced not taurine, but a crystalline com- 
pound isomeric with it. 

We now seo that the bilo is a mixture of choleato of soda with 
cholate of soda, and that when decomposed it yields in the first 
instance cholalic acid from both tho acids of bile, glyeoeino 
from cholic, and taurine from choleic acid. This actually occurs 
when the bile putrifles or ferments. It is only when boiled long 
with acids that choloidic acid and dyslysiue appear. 

The bile of serpents and of fishes is almost pure choleato of 
potash and soda, and contains above G per cent, of sulphur. The 
bile of the pig is chiefly formed of the soda salt of a peculiar 
biliary acid, hyocholic acid , Cm N IHa Oio = Cm N 11*2 Oo , H 0, 
along with a little hyocholeato of soda. Hence the proportion of 
sulphur in pig’s bilo is much loss than in ox bile, llyocholio 
acid contains, like cholic acid, glycooine, coupled with an acid 
containing no nitrogen. There is a relation between hyocholic 
acid and the acids of ox bile, for when cholic acid is boiled with 
water, there is formed an acid, cholonic acid, Cm N Hu Oio , similar 
to cholic acid, aud this acid is homologous with hyocholic acid, 
differing from it by Calla. Indeed the cholonic acid differs 
from cholic acid by only 2 eqs of water. The hyocholeic acid of 
pig’s bile, that is, the sulphurised aoid, appears to be Cb* N Sa 
Ou , H 0, and to boar the same proportion to choleic acid 
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that hyocholio acid does to cholic acid. Both the acids of pig’s 
bile are decomposed by boiling with bases and with acids. With 
bases hyocholio acid yields glycocine and hyooholalic acid, Cso 
H*o Ob = Cno llso O 7 , II 0, analogous to cholalio acid, llyocliolcic 
acid, treated in the same way, yields taurine, and hyocholalio 
acid. With acids, they yield taurine and glycocine, while the 
hyocholalio acid, like cholalio acid, yields a product of a resinous 
nature, corresponding to clioloidic acid, or rather to dy sly sine. 
This is hyodyslysinc. It is Coo Has Go. It has the same relation 
to dyslysine as hyocholio acid has to cholonic acid, diliering from 
it by Ca Ha . The compound corresponding to choloidic acid, 
which would bo Cco II30 O 7 , is not yet known. 

The following table will convey a clearer notion of the biliary 
products above stated : — 

In Ox bile. I11 Pig’s bile. 

Cholic acid = (La N M ta O12 Hyocliolic acid = N IL3 O10 
Cholonic acid “ (La N TLi O10 ? = (Li. N lha Ob? 

Cholalio acid ” C*o H*«> Ou> Hyooholalic acid = Gsu Hu> 0» 

Choloidic acid zzz Gib Hub Ou f =. Cao Hrta O7 ? 

Dyslysine zz (La U30 On Ilyodyslyxine = O&o lLa Go 

Glycocine == Ci Nils 0* Glycocine . rzO* Nils O-i 

Choleic acid =z Cw» N Su ILi Ou Hyocholeic acid rz (L+ N Si H*s Oia 

Taurine . = CL N S2 U7 Oa Taurine . =Ci N Sz H7 Oo 

Of these, however, only the two acids, cholio and choleic acids 
of ox bile, and hyocholio and hyocholeic acids of pig’s bile, are 
found in the bile, combined with soda, and, in lishes especially, 
also with potash. The rest are all products of decomposition, and 
the four acids of ox and pig bile are to be regarded as coupled com- 
pounds of anhydrous cholalio and hyooholalic acids with anhydrous 
glycocine, and of anhydrous cholalio and hyocholalio acids with 
anhydrous taurine, lienee, when decomposed, each ingredient 
takes up 1 cq. of water to form the hydrated acid and hydrated 
glycocine and taurino. Human bile resembles ox bile. Sheep 
bile is more like that of lishes, rich in ckoleate of soda, and 
consequently in sulphur. 

The presence of bile may be recognised by two tests : one is 
the action of nitric acid on it, which turns it first green, then 
blue, violet, red, and finally yellow. These changes, wkioh are 
supposed to depend on the action of the acid as the colouring 
matter of tho bile, enable us to dotect the presenco of bile in 
urine, serum of blood or chyle, when from disease it is too 
abundant. But a more delicate test, which applies to the 
purified bile, is the fine but transient purple colour produoed 
when wo add a little sulphuric acid to a solution containing bile 
and grape sugar or diabetic sugar. By tho addition, therefore, 
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of a little pure bile to urine, followed by that of sulphuric acid, 
we may also employ this test for the detection of diabetic or 
grape sugar in urine. 

Bile, as drawn from the gall-bladder, is strongly coloured, and 
thfe colouring mattor, whioh is undoubtedly also a product of the 
destruction of sanguigenous matter, possibly a secondary product 
from bile itsedf, has not been yet fully investigated, from the 
difficulty of purifying it, since it is not crystallisable. Its com- 
position, when known, will certainly throw much light on tho 
changes connected with the formation or destruction of the bile. 
Bile may be decolorised by dissolving it in absolute alcohol to 
separate mucus, and digesting the alcoholic solution with animal 
charcoal till tho colour is removed. The addition of puro ether 
in successive portions to the colourless solution causes the depo- 
sition of an amorphous mass, which, on standing in contact with 
ether, changes into crystals, formerly called crystallised bile, 
which are chiefly cholate of soda in the earlier deposits, and 
choleate in tho latter ones, the choleate crystallising less readily, 
and part of it remaining amorphous. The first deposit contains, 
therefore, less sulphur than the later ones, and sometimes hardly 
any, that is, very little choleate, and it is tho whole of the 
deposits, taken together, whioh represent puro bile, that is, 
bile free from its colouring matter —a compound that docs not 
oocur in tho animal body, for there tho bile is always strongly 
coloured. 

Oholesterine , C 52 IF** Oa -f 2 aq. This is a peculiar crystal - 
lisablo fatty substance, found in the bile in small quantity. It 
occurs, however, raoro abundantly in biliary calouli, usually 
along with more or less of the oolouring matter of the bile, but 
sometimes nearly pure. It is purified by solution in hot alcohol, 
whioh deposits it in brilliant silvery scales. The formula above 
given is, to a certain extent, empirioal, but is chosen because, 
while it represents the results of analysis, it exhibits a near 
relation to the biliary acids. 

That there is some relation between oholesterine and the acids 
of bile is evident from the occurrence of oholesterine in the bile, 
and also from tho fact, that both oholesterine and bile, when 
oxidised by nitric acid, yield a new acid, cholesteric acid, 
C 10 Hs Os, 2 HO. The products of the action of nitric acid 
on choloidio acid, which is simply cholalio aoid minus water, are 
very numerous. There are ffrst a whole series of the volatile 
acids (Cu H» )« O* , namely, formic ? acetic, propylio ? butyric, 
valerianic, caproic ? oaprylio, and oaprio acids. Then there are 
found also among the volatile portions an oil, which, with bases, 
yields a new nitro-acid, nitrochoUc acid, C« N* H Oe , HO, and 
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a neutral pungent liquid, cholacrolc , Cio ^ j Oio ? the va- 
pour of which has a stupifying power. Among the non-volatile 
products there are found two acids, choloidanic acid , € 3-2 Iia* Ou, 
which crystallises, and the above-named cholesteric acid, which 
forms a mass like gum. Cholestcrine, when acted on by nitric 
acid, yields volatile acids, chiefly the acetic, in small proportion, 
while cholesteric acid is the chief product. When heated with 
strong sulphuric and phosphoric acid, cholesterino yields to them 
all its oxygen as water, and a number of carbohydrogens arc 
formed, which are said to bo isomeric or polymeric, but which 
may be perhaps homologous. These aro solid, and hence have 
probably a high atomic weight. The carbon is in greater pro- 
portion than the hydrogen. 

With sulphuric acid are formed three carbohydrogens, choleste - 
reline a , b , and c. With phosphoric acid there aro obtained two, 
cholesterone a and b. By the analyses of Zwcnger, these all 
appear to bo isomeric or polymeric. Cholesterol ine a is earthy ; 
but may be obtained in small crystals from oil of turpentine, 
which dissolves it. It melts at 401° F. : h crystallises from 
ether, and melts at 491* ; and c, which is soluble in ether, is 
resinous and not crystalline, and fusible at 260 J . Cholesterone a 
forms iinc brilliant rectangular prisms, fusible at lo4° ; b yields 
minute silky prisms, fusible at 1368 \ 

If we admit that these compounds are isomeric, their analysis 
agrees well with the formula Css H* 2 . Now this is simply the 
formula we have adopted for cholesterine, C 52 lit* O 2 , minus 
2 HO. We may suppose cholesterone a, the most fusible, to be 
C 20 II 21 ; cholesterone b and cholestcreliue c to be Cca Hia ; and 
cholesterelincs a and b to be C 10 * IW All these formula) are 
easily deduced, along with water, from a new grouping of the 
elements of cholesterine. It is, however, possible that some of 
theso compounds may bo homologous and not isomcrio or 
polymeric ; for two such compounds, for example, as C &2 IIw and 
Coo H*o would not materially differ in their analyses, and would 
differ but little in fusibility and other properties. 

In the preceding paragraphs we have given briefly all that is 
known concerning the chemistry of the bile with any accuracy ; 
and wo gladly strike out a long list of supposed biliary con- 
stituents, which aro now seen to have been mixtures of those 
described, and which were the results of imperfect methods* 
Much remains to be done, but what is above described has been 
so well ascertained, that the greater part of it appears likely to 
remain* 

It remains to ho mentioned that cholesterine is found in large 
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proportion in brain and nervous matter. To extract it from 
brain the ethereal extract of brain is dried up, and boiled with 
alcohol rendered strongly alkaline by caustic potash. By this 
means we form cerebrate of potash, oleate of potash, phosphate of 
potash, glycerine, and cholesterino. On cooling, the cerebrate, 
the phosphate, and the cholesterine are deposited ; and from the 
deposit oold ether dissolves the cholesterine, which is easily 
purified by a few crystallisations. It is also present in the blood, 
and one part of the function of the liver may be to prepare it for 
the production of nervous tissue. 

Biliary calculi are, in man, usually composed of oholesterine 
and a deep yellow colouring matter, not unlike choloidic acid. In 
the ox the concretions are generally composed of colouring matter 
alone. Bezoar stones , which are obviously biliary concretions, and 
said to be those of antelopes, are chieily composed of a now acid, 
lithoftllic acid , insoluble iu water, soluble in alcohol and crys- 
tallisable. Its formula is C40 lisa Os = C*o II 35 O7 , 110 which 
shows it to he of the same class as choloidic acid or dyslysine. 
With nitric acid it yields a substitution compound, C*o NHas On, 
according to Wohler. Probably its true formula will be found 

to be Cto | On, 110 = C*o N II 3 & O 12 , 1 eq. of hydrogen 

having been replaced by 1 eq. of nitrous acid. When distilled, 
lithofcllic acid loses 2 eqs. of water, and yields pyrolithofullic acid, 
C*o list Oo , probably the dyslysine of the antelope bile. 

BRAIN AND NERVOUS MATTER. 

The chemistry of brain is so little advanced, that hardly any- 
thing can be said of it. It contains nearly 80 per cent, of water, 
7 per cent, of albumen, or of a substance like albumen, and 
several fatty bodies, one of which is cholesterino, the mode of 
extracting which has just been given. It is said also to contain 
two peculiar acids, one of which is cerebric acid , which has a 
composition intermediate between that of a fatty acid and that of 
albumen, probably a coupled compound. The other is au oily 
acid, containing, as it is said, a considerable amount of phosphoric 
acid, united to a neutral oil, cerebr oleine. This acid is called 
oleophosphorio acid. A similar acid occurs in yolk of egg. All 
this is very vague, but still there can be no doubt that brain doos 
contain either free phosphoric acid or acid phosphates in largo 
quantity compared to other animal products, in which the ashes 
are neutral or alkaline, whereas the ash of brain is always 
strongly aoid. But there is no proof in favour of the opinion of 
soino that the brain contains phosphorus unoxidised, or in any 
form hut that of phosphoric aoid and phosphates. The large pro- 
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portion of phosphorio acid loads ns to suspect tlie prescnoe of some 
peculiar form of albuminous or sanguigenous matter, since all 
sanguigenous bodies differ in regard to the phosphates they con- 
tain. According to Liebig, baryta water extracts from brain two 
distinct acids, forming soluble salts with baryta, and apparently 
of a fatty or quasi-fatty nature. These, however, have not yet 
been investigated, and we do not know with certainty the formula 
or even the nature of any of the proximate constituents of 
brain. But we may conjecture that this remarkable tissue, 
performing the highest functions, those of thought and emotion, 
must have a constitution still more complex than the other tissues 
of the body. 

We do not yet know where the nervous matter is formed, but 
wo must suppose that it is conveyed to the nerves in the blood. 
Now the blood does contain fatty matters, among which is 
cholesterine, one of the constituents of the brain. If this be so, 
then perhaps the liver assists in producing the cerebral com- 
pounds, which, being formed, are conveyed to the blood dissolved 
or suspended in the bile. The panorcatio juice, which has been 
said to aid in dissolving fat, may also possibly have a share in 
the formation of nervous matter. We must look now to the 
chemical study of the brain for further knowledge on this 
important subject. From what is known, it would seem as if 
fat and albuuiun, two of the chief animal products, unite to form 
nervous matter, which in construction is more complex : but in 
composition, that is, in 100 parts, is intermediate between fat and 
albumen. 


MILK. 

This important secretion, as has been already mentioned, 
consists chiefly of water, holding in solution caseine, sugar of 
milk, and salts, chiefly of potash. In this solution, which is 
naturally only translucent or semi-opaque, there is suspended an 
oily matter, batter , which consists chiefly of margarine , or inarga- 
rate of oxide of glyceryle, oleine or oleate of the same base, and 
small quantities of the neutral oils, butyrine, caproine, caprylino, 
and caprine, which contain oxide of glyceryle combined with the 
butyric, caproic, caprylic, and caprie acids. To these last oils 
the flavour of milk is owing. It is remarkable that the volatile 
oily acids in milk, except the margaric acid, arc only such as 
contain 8, 12, 16, and 20 eqs. of carbon. Those with 10, 14, and 
18 eqs., namely, valerianic, oeuanthylic, and pelargonic acids, are 
never found in milk. Their compounds with oxide of glyceryle 
are not known, except in the case of valerianio acid ; and that 
compound would hardly do for milk, because it is the cause of 
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the unpleasant odour of train-oil in which it occurs in small 
quantity. Probably the other two are also offensive. According 
to Heintz, who does not admit margario acid, the chief fats in 
butter are stearine, palmitine and oleine. As inargarie acid 
stands between palmitic and stearic adds, the ultimate result is 
much the same. Wo have given elsewhere the reasons for 
admitting the existence of all these acids. 

Milk, or any other solution of oaseine, when evaporated in the 
air, forms a pellicle, which is renewed as fast as it is removed. 
This is insoluble, and yields ashes containing lime and phosphate 
of lime. 

Milk may bo analysed by drying it up in vacuo, dissolving the 
butter by a mixture of ether and alcohol, and the sugar of milk 
and salts by cold water. The oaseine remains in this way undis- 
solved, the salts having been first removed. 

When exposed to the air, milk undergoes a peculiar change. 
The casoine enters into decomposition, and this decomposition 
passes to tho sugar of milk, which yields a little lactio acid, and 
this causes the caseine not yet decomposed to coagulate. But the 
decomposition continues : the sugar of milk is at last entirely 
converted into lactic acid, mannite, and gum ; and if the acid be 
neutralised, and fresh sugar added, it will undergo tho same 
change as long as any oaseine remains. This is ono method 
followed for obtaining lactic acid and lactates. The coagulum, 
separated from the whey when first formed, and pressed out, 
forms cheese. In making the better kinds of cheese, the milk, 
instead of being allowed to coagulate spontaneously, is coagulated 
by contact with water in which part of the lining membrane of a 
stomach has been infused. This infusion is called rennet, and 
it acts, as we have already explained under the lactio fermenta- 
tion, by virtue of containing albumen or gelatine in a state of 
decomposition, which is at once communicated to the sugar. 

When milk, spontaneously coagulated, is exposed to a heat of 
from 75° to 8o°, without any addition, the sugar of milk passes 
into grape sugar, and vinous fermentation ensues. The fermented 
milk distilled, yields a spirit containing traces of butyric ether. 

If sugar is made to ferment with caseine at about 100°, oar- 
bonio acid and hydrogen gases are disengaged, and butyric aoid 
is formed in large quantity. 

The chief mineral substances in milk are potash and phosphate 
of lime, which are found in its ashes. The ashes also contain 
sulphates, although milk does not. The sulphuric acid in the 
ashes is derived from the oxidation of the sulphur of the caseine. 
Wo have already mentioned, under oaseine, that it is regarded as 
probable that caseine is the albuminato of potash in a soluble form. 
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The proportions of water, caseine, sugar of milk, butter, and 
salts, are very variable in milk. It generally contains about 86 
•percent, of water, 4 to 7 of caseine, 3*5 to 5*5 of butter, and 
3 to 5*5 of sugar of milk and salts. For the best method of 
analysing milk, proposed by Haidlen, I must refer to the 
“Annalen der Chemie und Pharmacie,” xlv., 274. By this 
method Haidlen obtained as follows : — 



From Cow’s Milk. 

Human Milk. 

Ditto. 

Butter 

3 

3*4 

1*3 

Sugar of Milk, and salts soluble 1 
in alcohol . . . J 

4*0 

4-3 

3*2 

Caseine and insoluble salts 

5*1 

3*1 

2*7 

Water 

87*3 

89*2 

92*8 


100-0 

100*0 

100*0 


The colostrum, or milk given immediately after parturition, 
differs from normal milk in containing 15 to 25 per cent, of 
albumen, with less caseine, butter, and sugar of milk. 

The milk of bitches, according to Simon, contains from 14*6 to 
17*4 per cent, of caseine, 10*2 to 13*3 of butter, and no sugar. 

Cheese is caseine in a state of incipient or progressive decom- 
position or putrefaction. In the finer kinds of cheese, there is 
a large proportion of butter, and to the volatile acids of the 
butter may be ascribed the flavour of cheese. Some kinds of 
cheese are full of what are called eyes, that is, hollows, caused 
by the formation of bubbles of gas ; and in these hollows, a 
liquid is sometimes found, containing free ammonia, a product 
of decomposition, which greatly heightens the flavour, and also, 
to judge by the flavour, some of the volatile acids, such as butyrio 
acid, probably as salts of ammonia. When the blue mould 
appears in cheese, it is in a state of rapid decay or eremacausis, 
and much ammonia is given off. Little is yet known of the 
chemical differences in the making of different kinds of cheese. 
The richest are made almost entirely from cream, as Stilton and 
Parmesan. Others, as GruyOre, Gloucester, Cheshire, and Dutch 
oheese, are made with fresh uncreamed milk, or mixtures of this 
with cream ; and more or less salt is used, as well as different 
methods of eoagulating, in different places. 

It is probable that a careful study of these processes would 
lead to the discovery of the means of giving to oheese any desired 
flavour, although it is commonly believed that much more 
depends on the nature of the pasture. This, no doubt, has some 
iufluence j for in Gray tire cheese we often perceive a garlic flavour, 
derived from wild garlic on the hills. But since the chief causes 
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of the flavour are products of decomposition, we may infer that 
the method of manufacture will have a great influence in this 
respect. 

GASTKIC JUICE. 

This juice, as extracted from the stomach of executed crimi- 
nals, is colourless or slightly yellow, turbid, and distinctly acid. 
It contains free acids along with chlorides of potassium and 
sodium. 

The nature of the free acid present in the gastric juice has 
been disputed. When it is distilled, free hydrochloric acid is 
obtained, and this is often, perhaps always, accompanied by 
butyric acid. But it must be remembered that these acids are 
volatile, and that therefore their presence in the distilled liquid 
affords no proof of their existence in the free state in the gastric 
juice. On the other hand, Lehmann obtained from the gastric 
juice, by a peculiar process, a salt of magnesia, which he analysed, 
and which Liebig has shown to be lactate of magnesia. There 
can be no doubt of the presence of phosphoric acid, free or 
combined; and it is most probable that in the normal juice, the 
fixed acids, phosphoric and lactic, are, in part at least, free, while 
the volatile acids, hydrochloric and butyric, are present in tho 
form of salts. In the distillation, the latter are expelled in the 
free state, the fixed acids taking their place. This view is con- 
firmed by tho phenomena exhibited by the juice of flesh (see 
Liebig’s Researches on the Chemistry of Food, and the next 
section of this work), which undoubtedly contains free laetio and 
phosphoric acids, (or, what is the same thing, acid phosphates 
and acid lactates,) along with chlorides, and appears to have a 
very close resemblance to the gastric juice. 

The property of dissolving or digesting food such as albumen, 
librine, caseine, &e., is owing in part to the presence of free acid, 
and in part to the presence of a portion of the lining membrane 
of the stomach dissolved, and in a state of change. The gastrio 
juice converts into chyme or digests, albumen, fibrine, &o., out 
of tho body as well as in it, if the temperature of the stomaoh be 
kept up ; and wuter acidulated with a trace of hydrochloric acid, 
and afterwards left for 24 hours in contact with the lining mem- 
brane of the stomaoh, acquires in a very high degree the 
solvent power of the gastrio juice. Water thus prepared dissolves 
in 8 to 12 hours, at the temperature of from 80° to 104°, hard- 
boiled white of egg, &c., which requires 4 days at a temperature 
of 158° to 176' to be dissolved by water merely acidulated with 
the same proportion of acid, but not placed in contact with tbo 
stomach. This latter fluid, however, dissolves meat better than 
it does albumen, because the meat supplies some membranous 
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matter in a state of change, by which the solution of the fibrine 
is much promoted. 

All attempts to isolate the supposed principle— pepsine, as it 
was called, which is supposed by some to be the solvent of food 
in the stomach — have failed. The gastric juice has only yielded 
traces of animal matter, and we have not yet any proof that its 
solvent action depends on a peculiar compound, and is not 
rather the effect of a kind of fermentation induced in the food by 
contact with tho particles of the dissolved epithelium, themselves 
in a state of change, and consequently of motion. On the wholo, 
then, taking into account tho facts of artificial digestion, it 
appears most probable that digestion is a process analogous to 
fermentation in the conditions under which it takes place, namely, 
a certain temperature, aud contact with azotised matter in a 
state of decomposition ; but differing from the usual forms of 
fermentation in its phenomena, no gas being disengaged, and its 
chief result being the solution of an originally insoluble matter, 
similar to tho conversion of starch into sugar, by contact with 
diastase or infusion of malt. lUit tho gastric juice cannot effect 
the conversion of starch into sugar, and therefore digests only 
sanguigenous matter. 


JUICE OF FLESH. 

The muscular mass of animal bodies is chiefly composed of 
muscular fibre (tibrine), coloured by blood, contained in innu- 
merable small vessels, of those vessels, of nerves, of tendinous 
matter, and of cellular tissue. More than jths of its weight is 
water, which, holding in solution a great variety of substances, 
penetrates every part of the mass, and constitutes the juice of 
fleshy as it is termed. This fluid is contained cither in peculiar 
minute vessels or in the cells of the cellular tissue, and when 
the flesh is finely chopped and pressed, tho juice is obtained 
more or less mixed with blood. The best method is to mix the 
chopped flesh with water, to squeeze out the mass, and to repeat 
this process if necessary. In this way, tho juice of flesh is 
obtained in a somewhat diluted state, aud, as already stated, not 
free from blood. 

This fluid has recently been studied by Liebig (Researches 
on the Chemistry of Food *) with very interesting results. It 
is uniformly neutral or acid, more frequently acid, and when 
neutral immediately after death, it soon becomes acid; and the 
acids present are lactic acid, in large quantity, phosphoric acid, a 
new azotised aoid, inosinic acidy and in smaller quantity some 
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other organio acid, not yet examined. No sulphurio acid is 
present, save a trace from the blood. The bases are potash in 
large proportions, both as phosphate, lactate, inosinate, &c M and 
as Chloride of potassium ; soda in much smaller quantity, chielly 
as chloride of sodium, (and probably derived from the blood, at 
least for the most part) ; magnesia ; lime ; the latter in much 
smaller proportion; and kreatine. The juico contains besides, 
albumen dissolved, which is coagulated by beat, and amounts 
to from 2 to 3 per cent, of the weight of the flosh. The insoluble 
residue of iibrine, &c., amounts when dry to 17 or 18 per cent., 
so that the average composition of flesh will bo nearly as 
follows : — 

Water 7S 

Fibrine, vessels, nerves, cells, kc. . . . . 17 

Soluble r Albumen 2*5 

, . J Acids and bases, organic and inorganic, chlorides, 

U | and kreatine 2*5 

100*0 

It is obvious that in order to study with success the soluble 
matters not coagulated by beat, we must operate on large 
quantities of flesh, since, for example, 10 lb. of flesh will not 
yield more than 4 oz. of these substances, among which are live 
or six acids, and as many bases, besides chlorine and kreatine. 
Thus, from 10 lb. of beef, only about 50 grains of kreatine can 
be obtained. 

Kreatine . This substance was first noticed by Chevreul in 
the soup or extract of meat, but as be obtained it iu very 
small quantity, and other chemists did not succeed in procuring 
it, its composition was unknown, and its exist enco was even 
doubted, as an ingredient of flesh, Berzelius having suggested 
that it might be an accidental product of decomposition. Liebig 
showed that it is always present in all kinds of flesh, at least 
in all those tried by him, namely, in the flesh of the horse, ox, 
ox-heart, sheep, pig, calf, roe-deer, hare, marten, red-deer, fox, 
fowl, and pike. Bcliiossberger had shortly before obtained a 
trace of it from the flesh of an alligator, although too little for 
analysis, and I have since found it in the flesh of the turkey, 
pigeon, skate, cod, haddock, salmon, herring, and turbot. From 
a large amount of the flesh of the dog-flsh 1 obtained a mere 
trace of it, but it has since been found in the flesh of cetacea. 
Liebig observed that when the juico containing it is evaporated, 
Hie kreatine is destroyed or rendered uncrystallisable by the free 
acid. By neutralising, therefore, the juice, obtained as above 
mentioned, (after heating it so as to coagulate the albumen, and 
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separating the coagulated albumen by filtration), with baryta 
water, and evaporating to the consistence of syrup at 130° or 
140°, he obtained the kreatine in quantity amply sufficient to 
allow him to study its composition and characters. The fol- 
lowing table contains his results and my own, in regard to the 
proportion of kreatine obtained from several kinds of flesh. It 
will be seen that in all it is small, varying from 0*607 to 3*21 


per 1000. 





Liebig. 

Gregory. 

1000 parts of the flesli of fowl yielded of kreatine 

. 3-20 j 

3*21 

2*90 

it 

if 

ox*heart 

tt 

tt 


1*375 

1*418 







0*935 

1*710 

1000 parts of the flesh of cod yielded 

of kreatine , 

. < 

2*105 






( 

2*516 

3*012 

a 

it 

pigeon 

tt 

11 

. 

0825 

M 

a 

Imreo 

it 

it 

. 0*72 

— 

it 

i t 

ox 

it 

it 

. 0-097 

— 

it 

it 

skate 

it 

tt 

. — 

0*607 

J i 

a 

haddock 

it 

tt 

. — 

1*504 

if 

it 

salmon 

it 

tt 

. — 

1-321 

it 

a 

herring 

tt 

11 

• H 

1*457 
. 1*865 

it 

n 

turbot 

i t 

it 


1*512 


Fowl yields the largest proportion, but kreatine is obtained 
much moro cheaply from cod. 1 find that the chopped cod, well 
mixed with littlo more than its own weight of water, and pressed 
out, yields a fluid, which, when neutralised (after the coagulation 
of the albumen) by baryta, Altered to separate the phosphate of 
baryta, and gently evaporated till, on cooling, it forms a thin 
jelly, deposits, on standing, kreatine in large crystals nearly 
pure. In one experiment, 25 lb. of cod yielded 161 grains; in 
another, 30 lb. yielded 356 grains. In recent experiments, I have 
obtained from cod 2 to 2*5, and once even 3 per 1000, so that cod 
may yield about as much as fowl, and from its cheapness, and the 
facility of extracting it, is by far the best source of kreatine. 
The variations in the amount of kreatine in cod, may depend on 
the season or on the age of the fish. The crystals, by one rccrys- 
tallisation from 6 or 7 parts of boiling water, aro rendered quite 
pure. The kreatine obtained from haddock was less pure than that 
from skate or cod, and was evidently mixed with a less soluble 
matter, the nature of which I have not had time as yet to ascertain. 

Kreatine forms brilliant hard prismatic crystals, efflorescing at 
212°, very soluble in hot water, less so in cold water, sparingly 
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soluble in alcohol. It is neutral, and its formula is CsNsHu 0 a 

= C8 NalLiO* 4- 2 H 0. 

By the notion of acids, kreatine is resolved into the new base 
kreatinine, and water ; and by that of bases into the new base 
sarcosine, and urea, as already explained. 

Kreatine has been discovered, along with kreatinine, in urine. 
Pettenkofer obtained, by the addition of chloride of zinc to a 
concentrated extract of urine, a crystalline precipitate, containing 
chloride of zinc and an organic matter, the composition of which 
he found to be Cs N 3 II* Oj . Liebig has proved that this substance 
is resolved by the action of alcohol into kreatine, CsNsIInOo, 
and kreatinine, ChKsIItOs; and that it was, in fact, as analysed 
by Pettenkofer, a mixture of those substances, in the proportion 
of 3 eqs. of the latter to 1 of the formor. The original crystals 
of Pettenkofer were a mixture of free kreatine, with a compound 
of chloride of zinc with kreatinine. 

The addition of chloride of zinc to the mother liquor which 
has deposited the kreatine from the juice of llesh, yields the 
compound of Pettenkofer, so that kreatinine exists ready formed 
in the juice of llesh. It is probable that kreatinine is the sub- 
stance really present in urine, and that when separated it takes 
up water, and is in part reconverted into kreatine. 

Lactic Acid. This acid, as an ingredient of the juice of flesh, 
is very interesting ; and it is remarkable that Liebig, who 
demonstrated its absence in normal urine (in which, according 
to Cap and Reury, it exists in combination with urea), should 
have been the person who detected it in flesh. It is present in 
large quantity, and occurs as abundantly in the flesh of carni- 
vorous as in that of herbivorous animals. Its origin and forma- 
tion in the former is not yet explained, and is a problem of much 
interest. The presence of lactic acid in the juice of flesh is also 
important, as readily accounting for its presence in the gastric 
juice, which, as we have seen, is also acid. The lactic acid in 
the juice of flesh is obviously consumed in respiration, as will b© 
explained hereafter. 

Inosinic acid . This acid has been little studied. Its formula 
is CioKaHoOio , H 0 , and it forms, with baryta, a salt which 
crystallises in silvery scales. I have only been able to obtain it 
from the flesh of fowl and turkey, and it is probably absent in 
the other kinds of flesh. 

Phosphoric Acid . This acid exists in large proportion in the 
juice of flesh, in the form of aoid tribasic phosphate of potash, 

£ ^ fi { 2 S 1 O | * a 8a ^ is always produced when phos- 

phoric acid is made to act on chloride of potassium or salts of 
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potash. This salt is strongly acid, and chiefly contributes to the 
acidity of the juice. It is most important and worthy of remark, 
that the blood, which is separated from the juice of flesh only 
by tho finest membranes, cell-walls, or parietes of vessels, is 
invariably alkaline, containing tho common phosphate of soda, 

P Oo | ® j , a salt which is always formed when phosphoric 

aoid acts on chloride of sodium or salts of soda, and which is 
strongly alkaline. 

Here we observe, first, that while soda is essential to blood, 
potash is equally essential to the juice of flesh ; secondly, that in 
these two fluids, soda and potash cannot, as in so many other 
cases they can, replace each other ; thirdly, that by this arrange- 
ment, an acid and an alkaline fluid are constantly in close vicinity 
to each other, separated only by membrane, at all parts of the 
body ; fourthly, that being at the same time in contact with 
muscle and nerve, the conditions of electric currents are present ; 
while such currents, as is known, have recently been proved by 
Matteucci to exist. Lastly, that animals cannot form blood or 
bile, unless their food contain, along with phosphates, salts of 
soda, or at least, chloride of Medium, so that when they are fed on 
the land-plants of oertainffi|jpvin which sodium is nearly absent, 
oommon salt must be gi^HnKem. 

The function of th«pSwpnate of magnesia, which occurs in 
large quantity in the juice of flesh, is not yet even conjectured ; 
but it cannot be doubted that all the substances present, organic 
as well as inorganic, have each a special part to perform. 


SALIVA. 

Tho chief use of the saliva is to assist in digestion, whether 
by itself containing animal matter in a state of change, or by 
its romarkable power of inolosing and retaining bubbles of air, 
the oxygen of which commences the change neoessary to diges- 
tion, on coming in contact with the food or the stomach and 
gastric juice. To serve this purpose, the saliva has a very great 
degree of viscidity, so that it froths up easily, and the froth does 
not fall readily. It is alkaline, and contains hardly more than 1 
or 2 per cent, of solid matter, partly mucus, partly the usual 
salts, partly a peculiar soluble matter, ptynline , which acts as a 
ferment, and readily converts staroh into sugar. As it cannot 
dissolve albuminous matter, while the gastric juice cannot 
convert staroh into sugar, the saliva would seem to be intended 
for the latter purpose. The salts of the saliva are the chlorides 
of potassium, sodium, and calcium, some potash, and soda, with 

M M 
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a large proportion of bone-earth. It appears also to contain a 
trace of sulphocyanide of potassium : at least it reddens with 
persalts of iron; and although acetates do this, there is some 
reason to ascribe tho effect here to sulphocy ankles. 

The pancreatic juice resembles saliva, but appears to be 
slightly acid, and contains 8 or 9 per cent, of solid matter, 
including ptyaline and a matter like caseine. This juice is 
added to the chyme in its passage through the duodenum, along 
with tho bile and intestinal mucus. Bernard has shown that 
the pancreatic juice has tho property of decomposing fats, and 
setting free the acids, and that by its means fat is rendered 
capable of entering tho absorbent vessels. The latter statement 
is doubtful. 


EXCUEMEXTS. — ERIN E. 

The chyme, after receiving the pancreatic juice, the bile, and 
mucus, passes along the intestine, where the absorbents or 
lacteals take up the fluid part, leaving the insoluble portions. 
The chyle or absorbed fluid is partly conveyed into tho abdo- 
minal veins, and partly made to pass through numerous glands 
(in which process it loses its acid reaction, becoming alkaline), 
from which it proceeds to the thoracic duct, and is then, with the 
lymph, poured into the vena cava to mix with the venous blood. 

In the mean time, tlio insoluble parts of the chyme are 
rejected, and accumulate in the large intestines, various gases 
being disengaged, such as carbonic acid, hydrogen, carburettcd 
hydrogen, nitrogen, and sulphuretted hydrogen. 

The solid excrements of man contain very little matter soluble 
in water, and consist of woody libre, with fatty, resinous, and 
waxy substances, and finally the insoluble salts of the food, 
namely, phosphates of lime and magnesia, with traces of soluble 
salts, and some silica. 

The urino of man contains urea and uric acid, also hippurio 
acid, kreatine, and kreatinine, and other organio oompounds, 
very imperfectly known. Its acid reaction, according to Lbbig, 
depends on the fact that phosphate of soda dissolves uric and 
hippurio acids, forming an acid solution. If 40 grains of dry 

phosphate of soda P Ob | ^ j , 15 grains of uric acid, and 

15 grains of hippurio acid, be dissolved in 1 lb. of hot water a 
solution is formed which on cooling deposits 7£ grains of urio 
acid, and the remaining liquid forms an artificial urine which 
like the natural, is acid. Urine contains also phosphoric acid*, 
magnesia, often ammonia, soda, phosphate of soda, common salt, 
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sulphuric acid, or sulphate of soda, in short, the soluble salts of 
the food, along with sulphuric acid formed by the oxidation of 
the sulphur of the tissues. The addition of ammonia to urine 
causes a precipitate of phosphate of lime. 

Fresh urine, filtered (to separate mucus) into a perfectly 
clean vessel, keeps unchanged for weeks or even months ; but 
if in contact with decomposing animal matter, the urea is speedily 
transformed by putrefaction into carbonate of ammonia, while 
phosphate of lime is precipitated, the urine becoming strongly 
alkaline. 

The urine of the herbivora contains much uric acid, also 
hippuric acid : that of the carnivora contains more urea, and is 
strongly acid : uric acid predominates very greatly in the urine of 
birds, and that of reptiles is nearly pure acid urate of ammonia. 

When benzoic acid is administered internally it appears in 
the urine as hippuric acid, which latter acid is generally present 
in small quantity in urine. It has also been found that nitro- 
benzoic acid is changed in the body into nitrohippuric acid, a 
new acid, in which 1 eq. of hydrogen in hippuric acid is replaced 
by nitrous acid. The acid reaction of human urine is not owing 
to lactic acid, as was formerly supposed, but to free urio acid 
dissolved by the phosphate of soda. The urine is sometimes 
neutral, and always becomes alkaline, when the food contains 
salts of potash or soda with organic acids, because, tho acids 
being oxidised in the body, yield carbonates of the alkalies. Tt 
is evident, therefore, that by attention to diet, the urine may be 
brought into any desired condition, as will be more fully explained 
hereafter. 

When water, or a very weak saline solution, is taken into the 
stomach in successive large quantities, it is rapidly absorbed by 
endosmosis, and the urine becomes more and more diluted, till at 
last it resembles tho water that has been taken. But if a solution 
containing as much saline matter as .the blood, or a little more, is 
taken into the stomach, it is not absorbed, and the stomach 
becomes so loaded that tho experiment cannot be continued. If, 
again, the solution be much stronger, tho water of the blood 
passes outwards by exosmosis, and produces diarrhoea. This 
expluins the purgative action of neutral salt, which is well 
exemplified by sprinkling salt on a portion of fresh membrane 
such as bladder, or on meat, both of which yield water and are 
soon swimming in brine. 

The salts of the urine and of the oxorements, being derived 
directly from the food, vary according to its nature, the soluble 
inorganio salts of the food being found in the urine, the insoluble 
salts in the exoremen ts. Thus, the ashes of the food of tho 

H M 2 
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carnivora contain no carbonates, but are rich in phosphates, and 
such also is the oase with the salts (or ashes) of their excreta, 
liquid or solid. In faot, if wo know the nature and composition 
of the ashes of the food, wo can tell at once the salts of the 
urine. In an adult animal, the quantity of salts excreted is 
precisely equal to that contained in the ingesta, and therefore, 
by altering the food, we can alter at pleasure the nature of the 
salts in the urine. 

As an example, we may here adduce the case of the horse, 
which animal consumes, in his food, a certain quantity of 
mineral substances, derived ultimately from the soil : — 


TIIR HORSE. 


Consumes of Mineral Substances. 

Excretes of Mineral Substances. 

025 . 

In 151b. of hay, 18-611 

In 4*54 lb. of oats, 2*4(5 
In water . . 0*42 j 


07 . 

In tho urine . . 3f> l 1 0 - ! 

In tho faces . . 18*86 j - 1 j 


The above result is one obtained by actual and very careful 
experiment, and the nature of the salts is found to be the same, 
as indeed must obviously be the case, as long as the animal docs 
not change its weight. A growing animal will retain the phos- 
phates in part to aid in forming bono, arul an old or wasting 
animal will give out more salts than are taken in. 

It is obvious that analyses of urine or excrement are unneces- 
sary if we can examine the food ; and that in general they must 
be useless, since we can never expect the same result twice, 
unless where the food is not varied. 

The excrements, according to Liebig, represont the incom- 
bustible and unbumed, or partially burned ingredients of the 
food, and, if we view the body as a furnace, in which the animal 
heat is produced by the oxidation or combustion of the food, they 
correspond to the soot and ashes of a common fire. That they 
contain partially oxidised matter is proved by the fact, recently 
observed by Liebig, that the albuminous compounds, when 
partially oxidised by fusion with potash, yield, on the subsequent 
addition of an acid, volatile matters possessing, according to the 
albuminous substanoe employed, the peculiar odours which 
characterise the feeoes. 

It is plain from this, that the offensive odour of excrements 
depends on the presence of intermediate products of oxidation, 
which, when duly examined, will throw muoh light on the nature 
of the sanguigonous compounds which yield them. Some analogous 
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compounds exist in urine, and give to it its peculiar, and in some 
animals, very offensive smell. According to Stadeler, the urine 
of the cow contains an offensive product, which is resolved into a 
peculiar nitrogenised product, and one or two peculiar acids. It 
contains, besides, salts of three acids. The acids which he 
observed in the volatile products are, first, taurylic acid, Ci* 
li» Oa , isomeric with anisole, and perhaps identical with creosote. 
In properties it resembles carbolic acid, and is probably its true 
homologue, anisole boing a neutral body. Secondly, carbolic 
acid itself, well known as a product of destructive distillation, 
C 12 11a Oa. These two acids, taurylic and carbolic, are very 
similar. Thirdly, damaluric acid , Ci* Ilia 04 = Ci* Hu Os, HO, 
which is a volatile acid, with a smell analogous to that of 
valerianic acid. It has the same relation to am an thy lie acid, 
C 14 Hi* 0*, as angelioic acid has to valerianic acid, and acrylic 
acid to propylic acid. Fourthly, damolic acid , also volatile, and 
probably Cao Ila* 0* , that is, standing in the same relation to 
cocinic acid, C 20 lLe 0*, as damalurio acid does to cenanthylic 
acid. There are several other products, not yet examined ; hut 
the above are clearly products of incomplete oxidation, from 
tlieir resemblance to products of destructive distillation, which is 
only a process of incomplete oxidation. And it is a very singular 
coniirmation of Liebig’s views, that mine should be found to 
contain carbolic acid, one of the ingredients of smoke, an acid 
isomeric with creosote, another constituent of smoke, and others 
of the same class. There cau be little doubt that the fetid 
products in the fasces will contain the same substances as those 
here described from urine, or others homologous with them, and 
corresponding with the bodies found in smoke and tar. This 
would prove the comparison of the process going on in the body 
to combustion in a furnace with a limited supply of air to be 
more than an illustration, and to be a real truth. 

Guano , so highly prized as a manure, is the decayed excrement 
of sea fowls, which was originally, like that of reptiles, and indeed 
also of birds in general, mixed urine and ficoes, the urine being 
solid or semisolid, and consisting of urate of ammonia. It varies 
much in the proportions of its ingredients, both because the 
original excrement must have varied according to the food of the 
birds in different plaoes, and also because some specimens have 
not been so long exposed to air and moisture as others, and some 
are almost fresh. Thus some guano contains upwards of 30 per 
oent. of urio acid, while in other specimens hardly a trace of that 
acid is left. The better qualities of guano contain much am- 
monia, partly free or as carbonate, as proved by its odour, partly 
combined, as sal ammoniac, oxalate, urate, and phosphate of 
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ammonia and magnesia. They also contain phosphate of soda 
and much phosphate of lime, the latter being derived from the 
bones of the fish on which the birds fed. There are also found 
sulphate of potash and soda, and oxalate of litue, in guano. The 
remainder is water, and a brown matter like humus. 

It is easy to see that guano must act chiefly os a source of 
ammonia and of earthy and alkaline phosphates, so valuable to 
growing plants, especially to those cultivated for food ; and that 
its value depends very much on the amount of phosphates it 
contains. But although the value of guano is unquestionable, let 
us not overlook the fact, that while we are ransacking the most 
remote islands for guano, that substance supplies us with nothing 
but the mineral salts and the ammonia -which have formed crops 
of vegetables and races of animals at some former period, and 
that it differs in no essential point from the fresh or modern 
excreta of man and animals nearer home, which excreta, at least 
those of man, the most valuable of all, we allow to be carried 
into the sea in quantities which may bo measured by the food 
we consume. Iu fact we tako out of the sea, in tho shape of 
guano, only part of what we throw into it in the contents of our 
common sewers. These valuable matters, instead of being care- 
fully collected and preserved, as in China, are sent to form the 
food of sea plants : on these plants animals feed, which animals 
serve as food to fish. The fish are consumed by sea fowl, and we 
recover in their excrement a small part of what wo are constantly 
throwing away. Another part of what wo lose we recover in 
this country, at a great expense, in tho shape of bone-earth, 
which, however, must be Liken from other countries. We shall 
return to this subject : meanwhile, let us express a hope that 
Europe will at length follow generally, as in some districts it has 
done, the rational example set by the eminently practical Chinese, 
of restoring to the soil, as nearly as possible, in the shape of 
excreta, what we take from it in our crops and cattle, and thus 
keeping up its fertility. 


URINARY CALCULI. 

These are of various kinds, according to the peculiar condition 
of the urine. 

Uric Acid Calculus is the most frequent, being the usual deposit 
when the urine is acid. Its origin, as a calculus or deposit, that 
is, in abnormal quantity, is owing to deficient aeration, much 
oxygen being required to resolve it into soluble compounds, such 
as urea, carbonate of ammonia, or even oxalic acid. lionce 
sedentary habits, highly carbonised food, and indulgence in 
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strong wine, all favour its production : the first by diminishing 
the supply of oxygen, the two latter causes by seizing on the 
oxygen to the exclusion of the uric acid. It is easily recognised 
by the action of potash, which dissolves it, and forms a solution 
from which acids precipitate uric acid : or by nitric acid, which 
dissolves it with effervescence, and yields, on evaporation of the 
solution, a deep red stain, becoming purple with potash. Uric 
acid calculus is oommonly tinged more or less red or brown. 
When pure it is entirely dissipated before the blowpipe. 

Urate of Ammonia also occurs, and is distinguished from uric 
acid by disengaging ammonia when dissolved in potash. 

Phosphate of Lime is very frequent when the urine is neutral 
or alkaline. It is whito and earthy, soluble in nitric acid, and 
precipitated by ammonia. It is fixed in the fire. 

Phosphate of Ammonia and Magnesia is also pretty frequent. 
It dissolves easily in acetic acid, and when heated gives off 
ammonia, leaving a solid mass soluble in acids. 

Fusible Calculus is a mixture of tho two preceding. It melts 
readily before the blowpipe. 

Oxalate of Lime constitutes the mulberry calculus, and often 
appears as minute crystals in the urine. When heated, it leaves 
carbonate of lime ; or if heated in a tube with oil of vitriol, it 
gives oft* carbonic oxide. It dissolves in acids, and is precipitated 
by alkalies. 

Carbonate of Lime occasionally, but very rarely, constitutes a 
urinary calculus, easily recognised by the action of hydrochloric 
acid, which dissolves it with effervescence, and by a red heat, 
which leaves quicklime. 

Cystic Oxide or Cystine, and Xunthic Oxide , are very rare 
calculi. Their characters and composition havo been given under 
Uric Acid . 


LYMrn. 

This fluid may be looked on as blood dovoid of its colouring 
matter. When drawn from the vessels, it coagulates like blood, 
from tho separation of flbriue; and the liquid in which the 
ooagulum has formed itself, coagulates when heated, like the 
serum of tho blood. Human lymph contains about 96 per cent, 
of water, and variable proportions of albumen, fibrin©, and salts, 
tho salts amounting to nearly 2 per cent. 

BLOOD. 

This importaut fluid, from whioh the whole animal body is 
formed, and by which it is supplied and nourished, is a thick, 
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somewhat viscid, alkaline liquid, of a slight saline taste, and a 
peculiar faint odour. It is deep red and opaque, and has a 
density of 1*0527 to 1*057. 

It is made up of an immense number of globules or flattened 
disks, floating in a limpid yellowish fluid. When drawn, it 
soon coagulates, forming a trembling jelly, which gradually 
contracts, expressing a yellowish liquid, the serum , which is 
occasionally turbid, and is always alkaline to test paper, and 
saline to the taste. 

The coagulation consists in the separation of the fibrino 
previously dissolved, which, owing to some unknown oause, 
assumes the insoluble state, forming a fine network or jelly, in 
which the globules are inclosed. If the blood be beaten with a 
rod, the fibrine separates perfectly and adheres to the rod ; but 
it is in the form of white filaments, and the globules remain 
suspended in the serum, no jelly whatever being formed in this 
ease. Or if the fresh blood bo mixed with 8 times its bulk of 
solution of sulphate of soda, no coagulum is formed, the fibrine 
remains dissolved, and a sediment is deposited which contains 
the globules unaltered. 

The red globules thus prepared may be collected in a filter. 
Pure water added to them, or to the coagulum of blood, rapidly 
altera their form, and in fact dissolves them into an opaque 
liquid. This action of water is thus explained : the globules are 
formed of a thin, colourless, and transparent coat, inclosing a 
very soluble colouring matter. They fioat in a saline liquid, in 
which there is equilibrium between the contents of the globules 
and the iluid surrounding them. But when the latter is diluted 
with water, the equilibrium is disturbed, and endosmosis takes 
place, by which the contents of the globules acquire so greatly 
increased a volume, that the globules burst and their contents are 
dissolved in the water. The torn membranes of the globules may 
be detected by the microscope. 

In saline solutions, the globules do not absorb water any more 
than in the scrum. When collected in a filter, the globules form 
a red mass of the oon&istence of honey, consisting of fibrine and 
albumen, the latter in combination with the colouring matter. 
In a concentrated solution of chloride of calcium, the globules 
lose water by exosmosis, and contract in volume. If now placed 
in pure water, the globules again swell, and burst, forming a 
jelly which dissolves in water. The solution, on standing, 
deposits fibrine in white membranous masses, and the supernatant 
liquid, when boiled, is coagulated, indicating the presence of 
albumen. 

The colouring matter of the blood is contained in the globules 
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in combination with albumen, but is unknown in a state of 
purity. The compound of albumen and colouring matter is of a 
deep-red colour, becoming bright in contact with air or oxygen, 
and being rendered nearly black by carbonio and sulphurous 
acids, sulphuretted hydrogen and sulphurets. Protoxide of 
nitrogen gives it a purple colour. 

Tho red compound gives 2 per cent, of ashes, of which J is 
peroxido of iron ; and iron is uniformly present in red blood, which 
is the only animal product in which it occurs. This iron cannot 
be detected in the globules or their contents by the usual tests, 
but after passing chlorine through the red solution till the 
colour is destroyed, the iron may be detected by ferrooyanide of 
potassium. 

When the red compound of albumen and colouring matter 
above mentioned is moistened with oil of vitriol, so gradually as 
not to become warm, a pasty mass is obtained, which attracts 
moisture from the air and forms a red jelly. If this be very 
gradually rubbed up with pure water, it contracts into a dark-red 
matter, which is surrounded with a colourless or yellowish liquid. 
This liquid is found to contain all the iron, and the dark matter, 
when calcined, leaves a white ash entirely free from iron, if the 
operation lias been well performed. I have repeated this inter- 
esting experiment, tirst devised, I believe, by Sanson, which 
proves that, although the red compound contains iron, yet the 
colour does not necessarily depend on that metal ; for the colour 
is altogether uninjured by the complete removal of the iron just 
described, although the colouring matter actually obtained in 
this experiment is not the original colouring matter of the blood, 
but modified. 

The Uematosine of Lecanu is also a product of decomposition. 
It is prepared by means of diluted sulphuric acid, alcohol, and 
ammonia, by a tedious process. It is dark-brown, and forms red 
solutions with the alkalies, being insoluble in water, alcohol, and 
ether. It contains part of the iron of the blood, but as some 
kinds of hematosine contain { or J more iron than others, while 
its properties continue the same, it is obvious that tho iron does 
not contribute essentially to those properties, such as the colour. 
Hematosine contains 6 to 8 per cent, ot iron. 

But the iron serves an important purpose in tho blood ; and 
we have reason to think that it is present in the form of oxide, 
for sulphuretted hydrogen and soluble sulphurets cause the 
blood to becomo first green and then black, owing to the for- 
mation of sulphuret of iron — a character indicating either the 
oxide or soui£ corresponding compound, and not a compound 
like ferrooyanogen, in which sulphurets cannot detect the iron. 
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Moreover, we see that oil of vitriol dissolves out oxide of iron ; 
end although alkalies and ferroeyanide of potassium do not detect 
it* this is Owing to the blood being an alkaline liquid, and to the 
presence of so much animal matter. 

It is from the blood that are formed the tissues, the cells, 
muscular fibre, nervous matter, &c. &c. ; and we may, there- 
fore, expect to find some relation between their composition 
and that of the blood. In fact, ilesh, or muscular fibre, as it 
exists in the body, including vessels, nerves, fat, &c., has exactly 
the same composition as the blood has on an average of venous 
and arterial, or a mixture of both. We may, therefore, look 
on muscular fibre, or animal flesh, as simply blood more highly 
organised. 

In addition to the substances mentioned above, namely, 
albumen, fibrine, colouring matter, and salts, blood also contains 
fat, apparently cholesterine, along with fatty acids and a peculiar 
fat, called seroline. 

Glucose or grape sugar has also been detected in the blood, 
more especially in that of the liver, by Bernard. It seems to be 
converted, by isomerio transmutation, into lactic acid, which com- 
bines with the soda of the blood, and sets free carbonic acid, the 
lactic acid being itself burned off in the course of the circulation. 
The crystalline substance formed in the blood of some animals, 
whioh has been called hematocrystalline, has been already alluded 
to as a nitrogenised compound. 

The normal proportions of serum and clot are 87 per cent, of 
serum to 13 of clot. 1000 parts of human blood contain 800* 15 
of serum, of which 790*37 are water, 67*8 albumen, and 10*98 
are salts and fatty matter : along with 130*85 of clot, containing 
125*63 albumen and fibrine of the globules, and 2*27 hematosine 
(a little fatty matter and traoes of salts being present in all 
three), also 2*90 of fibrine, separate from the globules. 

Yenous blood contains more water and fewer globules than 
arterial blood. 

The blood contains gases, ohiefly carbonic acid and nitrogen, 
which it gives off in vacuo, or in a current of hydrogen. It is 
said to contain free oxygen ; but this seems very improbable, 
when we reflect that fibrine absorbs oxygen, transforming it into 
carbonic acid, and that blood is instantly altered by contact with 
oxygen. The change from venous to arterial blood, from dark to 
florid, depends on the presence of oxygen, but also requires the 
presence of a saline solution. Indeed, a similar change of colour 
takes place in vacuo if the olot of venous blood be there covered 
with a pretty strong solution of various salts. 

One chief function of tho blood is, after convening oxygen to 
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all parts of the system, to carry to the lungs, there to be exhaled, 
the carbonic acid formed in the extreme vessels. For this pur- 
pose it is admirably adapted, from the fact that it is alkaline, 
and that its alkalinity depends in herbivora on the carbonate of 

soda, and in carnivora on the phosphate of soda, P Oo j pf ^ j > 

a salt, the solution of which absorbs carbonic acid better than a 
solution of carbonate, and, when in contact with air or oxygen, 
gives off the whole of it ; whereas a carbonate, if it absorbed as 
much, would give up only half of the quantity absorbed. This 
important property of phosphate of soda has recently been de- 
monstrated by Liebig ; and we can now see why potash cannot 
replace soda in tho blood, since the tendency of potash is to form 

an acid phosphate, P Os j 0 j * Liebig and Enderlin have 

also proved that the blood of carnivora does not, as had been 
assorted, contain carbonate of soda. 

TIIE NTJTKITION OF PLANTS AND ANIMALS. 

The animal and vegetable kingdoms of nature are connected 
together in a beautiful system of mutual dependence, exhibiting 
a perpetual circulation of certain elements through both, the 
mineral kingdom being the point of departure, and that also 
where the circulation terminates, to recommence unceasingly. 

riants derive their nourishment exclusively from tho mineral 
world. It is clear that the first plants must have done so ; and 
although tho decaying remains of former plants now contribute 
to vegetation, we shall see that they do so under mineral forms, 
and not essentially ; they promote vegetation, but are not indis- 
pensable to it. 

The mineral food of plants, then, consists of carbonic acid, 
water, and ammonia, all of which are obtained from the atmo- 
sphere, and of sulphur (sulphuric acid), phosphorus (phosphorio 
acid), alkalies, earths, salts, and metals, all derived from the soil. 
'Without the aid of the matters derived from the soil, the most 
abundant supply of carbonic acid, water, and ammonia, is of no 
use. But if a soil contain these necessary substances, plants will 
thrive in it, even if they have no carbonic acid nor ammonia 
furnished in the shape of manure beyond the usual atmospheric 
supply, provided time he given . 

During germination — a process which goes on best in the dark 
— * oxvgen is absorbed, and carbonic aoid given out. Heat is also 
generated. It cannot be doubted that a very essential part is 
performed also by endosmosis , that is, the tendency of water or of 
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weak saline solutions to pass through a membrane or cell- wall, 
on the other side of which is a strong saline or saocliarine 
solution. By this meanB, the first supply of water penetrates the 
cell-walls of the seed and its embryo, and there forms a strong 
solution ; for the presence of moisture and oxygen induces putre- 
faction of a portion of the albuminous matter always present in 
the cells ; this putrescent matter becomes a ferment, and converts 
the insoluble starch, stored up in the cells, into soluble sugar, as 
happens in an infusion of malt. But it likewise renders soluble 
the whole remaining albuminous matter, as happens when 
fibrine is left under water. Thus the ooIIb become filled with a 
strong solution of sugar, albumen (fibrine or caseine) and salts, 
and now endosiuosis rapidly goes on. The cells become dis- 
tended, and those of the embryo are developed according to the 
vital law impressed on them at their formation, producing leaves 
by a constant formation of new cells. Such is the result of 
germination ; but it must be noticed that already certain new 
compounds appear, apparently formed in the cells out of the 
carbonic aoid, water, and ammonia supplied from the atmosphere 
either directly to the first leaves, or indirectly, through the water 
percolating the soil, to the cells of the radical fibrils, along with 
phosphates, alkalies, and common salt. 

Here first comes into play that amazing chemical force, by 
which, in the vegetable cell, carbonic acid is decomposed, and its 
oxygen given out ; while water, ammonia, and the mineral salts 
are all rendered available. This demands the aid of light, but, 
as already mentioned, even in germination, and in plants which 
are etiolated or grown in the dark, certain new compounds have 
been formed, such as occur under the" influence of light also. 
"Whether these are formed in the same way without as with 
light, is not known with certainty, hut as in the dark oxygen is 
absorbed, not given out, we may suppose that they are produced 
in germination by a prooess of putrefaction or destruction of 
more complex molecules, such as those of albumen. The sub- 
stances here alluded to are certain vegetable acids, found in the 
juice of germinating seeds and etiolated plants, and especially 
malic acid and malamide or asparagine, formed from malate of 
ammonia by the loss of water. This body is very abundant in 
etiolated plants, such as asparagus and vetches grown in the 
dark ; it is also found naturally in Althcea officinalis . Now we 
may suppose malic acid to be formed by the decomposition of 
albumen, along with ammonia, by a kind of fermentation, so 
long as light is absent ; or it may be formed from the sugar by 
oxidation, a process active in germination. Tims 2 uqs. of dry 
grape sugar, Cm Hh Oat, with 12 eqs. of oxygen, may yield 
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3 eqs. of hydrated malic acid, 3 (Cs Ho Oio) = Ca* Hi « Oao, and 
G eqs. of water. The malic acid thus formed, in contact with 
ammonia, derived from the atmosphore or from albumen, will 
yield malamide (asparagine). Cs H4 Os , 2 N II* 0 = 2 H 0 -f 

Malate of Ammonia. 

c. sr.Hio o«. 

Malamide. 

As soon as light, however, comes into play, the true vegetative 
process begins : carbonic acid is decomposed and oxygen given 
out, and tho carbon of the carbonic acid, with varying proportions 
of oxygen and hydrogen from water, of nitrogen from ammonia, 
and of sulphur from sulphuric acid, produces with the aid of 
phosphates, alkalies and salts, in the vegetable cell all the vast 
variety of vegetable products. It is here that the prodigious 
ohemical power of the vegetable cell comes into play, and this is 
so great, that it is able to perform, gradually, at the ordinary 
temperature, what the most powerful agencies of heat and 
electricity cannot do in the laboratory, namely, to decompose 
carbonic acid, setting free its oxygen . But we aro not to suppose 
that the carbonic acid is totally decomposed into carbon and 
oxygen, and that the carbon, thus set free, combines with 
hydrogen, oxygen, nitrogen, &o., to yield vegetable products, for 
the insolubility of carbon would prevent this. Of a number of 
associated molecules of carbonic acid, some lose part of their oxygen, 
and the residue of these, with the remaining carbonic acid and 
water, <fcc., enters, at tho moment of separation, into new forms 
of combination. It is, therefore, necessary to considor the effect 
of vegetation as it is manifested, first, on carbonic acid and water 
together; secondly, on these, with the addition of ammonia; 
and lastly, on all these, with the aid of sulphuric acid. The first 
yields the non-nitrogenous compounds ; the second, the nitro- 
genised compounds; and tho third, those which contain both 
nitrogen and sulphur. 

Even when carbonic acid and water are brought together in 
tho cell, this is not enough. There must be present, first, 
albuminous matter, without whioh no active cell can exist; 
secondly, mineral matter, especially alkalies, phosphates, and 
salts. All these conditions being fulfilled, and light being 
admitted, we may suppose the first organio acid formed to bo 
oxalic acid, the least complex of all. Crystallised oxalic acid is 
C*Hs Oia SS C* ()« , 2 H 0 + 4 aq. Now this is evidently formed 
from 4 eqs. of carbonio aoid, C* Os , and 6 eqs. of water, 6 H 0, 
together, C* Ha Oi*, by the separation of 2 eqs. of oxygen. And 
this, whioh is performed with ease in the vegetable cell, we 
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cannot do in the laboratory, although wo can produce oxalic acid 
from more complex organic products, such as sugar, starch, and 
many others. It is found abundantly in plants of the genera 
Rumex, Rheum , Oxalis , Sedum , Sempervivum , in many lichens 
and others. The reader will observe that in the crystallised 
acid, 4 eqs. of water are merely water of crystallisation, and that 
the driest oxalic acid is only C*HaOs or C*Oo, 2 IIO, the 2 eqs. of 
water being basic. Of course we may leave out 4 eqs. of water of 
crystallisation, and suppose dry oxalic acid to bo derived from 
4 eqs. of carbonic acid and 2 of water, = C* Ha Ovo, by the sepa- 
ration of 2 eqs. of oxygen as before. 

Let us now ascend a step higher in the organic scale ; to the 
formation, namely, of malio acid, which is more complex than 
oxalic acid. Now this acid may bo formed, either from oxalio 
acid itself, or, like oxalio acid, from carbonic acid and water, but 
in both cases by the separation of oxygen. In the former case, 
2 eqs. of crystallised oxalic acid, 2 (C Ho Oia)=Cs Hi a Os*, by 
losing 6 eqs. of water and 8 eqs. of oxygen, yield C* II n Oio = 
Cb Ob, 2 H 0, or hydrated malio acid, which is bibasic. Or 
again, 2 eqs. of dry oxalic acid, 2 (CaHaOs )=CsIl4 Oio, taking up 
2 eqs. of water, and losing 8 eqs. of oxygen, yield & Ho Oio, or 
hydrated malio acid. In the latter case, 8 eqs. of carbonic acid 
and 6 of water, together Cn Ho Oaa, losing 12 of oxygen, yield 
Cs Ho Oio, or hydrated malic acid. 

Tartaric and citric acids are easily shown to be producible in 
the samo way. 2 eqs. of dry oxalic acid and 2 of water, together 
C» Ho Gift, losing 6 of oxygen, yield C 8 II* O ia = C* H* 0 JO , 
2 H 0, hydrated tartaric acid. Or, 8 eqs. of carbonic acid and 
6 of water, together Cs Ila O22, losing 10 of oxygen, give Cs Ho 
Oia, hydrated tartaric acid. Again, 3 eqs, of dry oxalic acid and 
2 of water, together C12 Ha 028, losing 12 of oxygen, yield Cia 
IIsOi* ^ ® n f 3 II 0, or hydrated citric acid, which is 

tribasic. Or 12 eqs.^ CO*, plus 8 II 0, together CS* 1I« Os*, 
losing 18 of oxygen, give C12 Jl» O14, or hydrated citric acid. 

In like manner, every vegetable acid, and every one of the 
neutral compounds of carbon, hydrogen, and oxygen, may bo 
derived, first from some less complex acid or neutral compound, 
containing more hydrogen than itself; secondly, from a certain 
proportion of carbonic acid, to be determined by the number of 
eqs, of carbon in the compound, and of water; oxygon, in all 
cases, being given off. As the proportion of oxygon to oarbou 
and hydrogen diminishes, the acids become weaker, till tho 
oxygen exactly suffices to form water with tho hydrogen, when 
we have either very feeble acids, or neutral bodies, such as 
sugar, gum, and starch. As the oxygen is still further diminished, 
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wo have neutral, bitter, and acrid compounds, or coloured bodies, 
or such as yield colouring matters, with ammonia and oxygen : 
further on still, we have aromatic oils and volatile quasi-resinoua 
crystallisable acids ; then resins ; and lastly, when all the oxygen 
is expelled, certain oils, which are carbohydrogcns. The fol- 
lowing tabular view will furnish a comparative statement of the 
amount of carbonic acid and water required, and of oxygen given 
off, on the supposition that each compound is formed directly 
from carbonic acid and water. But, as wo have seen, each may 
also be formed from any of those below it in the scale, that is 
more highly oxidised, as citric acid from oxalic acid, or sugar 
from citric acid. To illustrate this, if to citric acid, C 12 H 8 On, 
we add 6 eqs. of water, we have Cia Hi* O 20 , and this, losing 
6 eqs. of oxygen, yields C 12 Hi* On, or crytallised glucose. In 
like manner, 3 eqs. of malic acid and 16 of water, losing 18 of 
oxygen, yield the same sugar; or 3 eqs. of tartario acid, with 10 
of water, losing 18 of oxygen, likewise yield grape sugar. These 
are changes which occur every day in ripening fruits, and it is 
probablo that sugar, starch, and other compounds are really 
formed in the plant, not directly from carbonic acid and water, 
as in the table, but from some intermediate compound, as sugar is 
here shown to be from the three acids just meutioued. 

Acid employed. Water added. Oxygon separated. Glncoso. 

Citric . 0,. ; i+Ou + (5 110 Oe = Cn Ha On 

Malic . 3(0. Il.Om ) +1(5 110 0.» = 2 (C» Hi* 0™ ) 

Tartaric 3 (C» HoOu ) + 10 H 0 0.» =2 (C>. Hu Oi. ) 

But as these are merely intermediate steps in the whole process 
of deoxidation, by which sugar, starch, fat, oils, &c. are formed 
from carbonic acid and water, and the final result is the same 
whether these bodies bo formed directly or indirectly, we shall 
coniine ourselves, in the tabular view, to their direct formation 
from carbonic acid and water. 


TABULAR VIEW OF THE PRODUCTION OF VEGETABLE COM- 
POUNDS FUOM CARBONIC ACID AND WATER, 

BY DEOXIDATION. 

Group 1. — Stronger Vegetable Acids soluble in Wafer. 


Substance formed. 

Name. Formula. 

Oxalic acid, dry . G* Ila Os 

Gallic acid . . Cr Ha Os 

Tartaric acid. . Cs He On 


Carbonic acid 

Water 

Oxygen 

used. 

used. 

aej>a rated 

in eqs. 

in oqs. 

in oqs. 

4 

2 

2 

7 

3 

12 

8 

6 

10 
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Substance formed. 

Carbonio acid 
used. 

Water 

used. 

Oxygon 
separated, 
in eqs. 

Name. 

Formula. 

In eqs. 

in eqs. 

Malic Acid 

. Co Ho tho 

8 

6 

12 

Aconiticacid . 

. Ci* Ho Oi» 

12 

6 

18 

Citric acid . 

. Ci# Ho Ou 

12 

8 

18 

Meconic acid . 

, Ci* H* Oi* 

14 

4 

18 

Tannic acid . 

. Ob* H 2 # Oa* 

54 

22 

1)8 

Kinic acid 

• Caa Ha* Oa# 

28 

22 

58 


The above are all acids, and in ail but kinio acid the oxygen 
exceeds the hydrogen. Kinio acid is but a feeble acid. All other 
vegetable acids of similar properties to tho above belong to this 
group, but those here given are sufficient to characterise it. 


Group II. — Indifferent Neutral Compound *. 


Substance formed 

Carbonic acid 
used. 

Water 

usod. 

Oxygen 

separated. 

Name. 

Formula. 

in eqs. 

in eqs. 

in eqa. 

Cellulose . . , 

, C12 Hjo O10 

12 

10 

24 

Starch . 

, Cxi II , 0 0,0 

12 

10 

24 

Cane Sugar 

. Cl* Hu Ou 

12 

11 

24 

Gum . 

. Cis Hn On 

12 

11 

24 

Grape sugar, <117 

, C,* Hia Oj« 

12 

12 

24 

Do. crystals 

. C12 Hu Ou 

12 

14 

24 


This important group contains, in every instance, hydrogen 
and oxygen in the proportion to form water, so that the whole of 
the oxygen of the carbonio acid, but not that of the water, has 
been separated. They may be viewed, theoretically, as formed 
of carbon, plus water ; thus starch may bo C 12 + 10 H 0. 


Group III. — Neutral Bodies, chiefly Bitter , Acrid , Coloured , or yielding 
Colours with A mmonia . 


Substance 

formed. 

Carbonic acid 
used. 

Water 

used. 

Oxygon 

separated. 

Name. 

Formula. 

in eqs. 

in eqs. 

iu eqs. 

Manmte 

. C»a Hu Ou 

12 

14 

28 

Orcine 

. Cj* Ho 0 * 

14 

8 

32 

Smilacine 

. ClO Hu Oo 

18 

15 

45 

Meconine 

. Cao H10 Oo 

20 

10 

42 

Quassiine 

. Cao Hu 0 « 

20 

12 

46 

Peucedanine 

. C2* Hi# Oo 

24 

12 

54 

Salicine 

. C20 His Ou 

26 

18 

56 

Antiarine 

, Cao H#o Oio 

28 

20 

66 

Pectine 

. €20 H«i On* 

28 

21 

53 

Hecxnatoxyliue . 

. Caa Hi* O12 

32 

14 

66 

Populiue 

. C*o Haa Oio 

40 

22 

86 
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Substance formed. 

Carbonic acid 
used. 

Water 

used. 

Oxygen 

separated. 

Name. 

Formula. 

in cqs. 

in eqs. 

in eqs. 

Phloridzine 

. C *2 II 2 * OiO 

42 

24 

88 

Limonine 

. C*2 11.25 0 13 

42 

25 

06 

Ilellenine 

. 0*2 HS 8 Oo 

42 

28 

106 

On i cine 

. Cs 2 H 34 0 J 9 

52 

34 

120 

Elatcrine . 

. H 23 Oitt 

60 

25 

127 


In this group, which is a very numerous one, various kinds of 
compounds appear. Mannite closely approaches to sugar ; 
antiarinc and elaterine aro acrid poisons : salicine, phloridzine, 
populine, and quassiine, pure bitters ; pectine, a gelatinising sub- 
stance ; hoematoxyliiie, a coloured body : orcine forms a fine colour 
with ammonia; and others are indifferent. It has lately been 
shown that populine, from poplar bark, is related to salicine, from 
willow hark. It is salicine, in which 1 eq. of hydrogen is replaced 
by 1 oq. of benzoyle, Oi* lUOa. This is proved by the fact that 
it may bo made to yield salicine and compounds of the benzoic 
series. The fact is most interesting, as showing that the law of 
substitution prevails among very complex compounds, and ex- 
plaining how similar compounds may be formed. The above are 
only examples. In the whole, not only the oxygen of the 
carbonic acid, but also part of that of tho water, has been 
separated, so that the hydrogen remaiuing exceeds tho oxygen. 


GuoupIV . — Oxygenated Volatile Oils , and Aromatic Adds related to titan,. 


Substance formed. 

Name. Formula. 

Carbonic acid 
used, 
in o> is. 

Water 
used, 
in cqs. 

Oxygon 

separated, 
in eqs. 

Oil of hitler almonds 

. Ci* H« 

02 

14 

6 

32 

Benzoic; acid 

. Cu Ha 

0* 

14 

6 

30 

Oil of spiraea 

. Cu IIo 

0* 

14 

6 

30 

Salicylic .acid . 

. Culla 

Oa 

14 

6 

28 

Oil of Anise 

. C.oHa 

0* 

16 

8 

30 

Anisic acid 

. CioHs 

Oo 

16 

8 

34 

Cumarine 

. CihH* 

0* 

18 

4 

36 

Cu marie acid 

. Cull* 

Oil 

18 

4 

34 

Oil of cinnamon 

. Cisl u 

02 

18 

8 

42 

Cinnamic acid . 

. Cis ITa 

0* 

18 

8 

40 

Oil of cumine 

. C 20 Hia 

ih 

20 

12 

50 

Cuminic acid . 

. C 20 Hi 2 

0* 

20 

12 

48 


In this group tho oxygen is still further diminished. All tho 
compounds are volatile, and tho acids approach to resins in com- 
position. The oils arc fragrant and yield the acids by simple 
oxidation ; in fact, most of these oils are aldehydes. 


N N 
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TABULAR VIEW OF THE 


Group V. — Volatile Oily and Fatty A cids , of the Formula (Cn Hn )» O* . 


Substance formed. 


Carbt>nic acid Wafer 

Oxygen 


used. 

used. 

separated 

Name. 

. Formula. 

in oqa. 

in eqs. 

in e^s. 

Formic acid 

C* Ha O* 

2 

2 

2 

Oxide of Methyle 

C* Hs 0 

2 

8 

6 

Acetic acid 

C> II* 0* 

4 

4 

8 

Oxide of Ethyle . 

C* H* 0 

4 

5 

12 

Glycerine, dry 

Co II* Oi 

6 

4 

14 

Propylic acid 

Co Ho 0* 

6 

6 

14 

Butyric acid . 

Ca Ha 0* 

8 

8 

20 

Valerianic acid . 

C 10 11 10 0* 

10 

40 

26 

Oxide of amyle 

CioHnO 

10 

11 

30 

Caproic acid 

Oj3 H 12 O* 

12 

12 

32 

(Knauthylic acid 

CuHi*0* 

14 

14 

38 

Caprylic acid 

Cih Hio 0* 

16 

16 

44 

Pelargonic acid 

Cia Ilia 0* 

18 

18 

50 

Rutie acid 

, C 20 II 20 0* 

20 

20 

56 

Margaritio acid 

. Cas II 23 0* 

22 

22 

62 

Laurustcaric acid 

C*4 Ha* 0* 

24 

24 

68 

Coeinic acid 

. C 20 Hmo 0* 

26 

26 

74 

Myristicacid 

. Csa Hao 0* 

28 

28 

80 

Benic acid . 

. CbO HUO 0* 

30 

30 

86 

Cetylic or Palmitic acid 

. Ca-i H 32 0* 

32 

32 

92 

Oxide of Cetyle . 

. Caa H 33 0 

32 

33 

96 

Marguric acid . 

. Ca* Has 0* 

34 

34 

98 

Stearic acid 

. C»o Hso 0* 

36 

36 

104 

Balcnic acid . 

. Csa Hss 0* 

38 

38 

no 

Arachidic acid 

, C 40 H 40 O 4 

40 

40 

116 

Behenic acid. . 

. C*a H *a 0* 

42 

42 

122 

Cerotic acid 

. Ct»4 Ho* 0* 

54 

54 

158 

Oxide of Ceryle 

. O 54 Has 0 

54 

55 

102 

MelisHic acid 

. Coo Hoo 0* 

60 

60 

176 

Oxide of Melissyle , 

. CeoHcuO 

60 

61 

180 


This group includes the chief oily and fatty acids, as well as 
their aldehydes, which are Qinitted, and some oxides of tho ctliylio 
series. Glycerine is added, because these aoids aro always found 
in nature combined with it. Tho only two acids in whioh either 
part only of the oxygen of the carbonic acid, or the whole of it, 
without any from the water, has been separated, aro the formic 
and acetio acids, which, accordingly, are powerful acids, soluble 
in water, and, though volatile, not oily. The rest are all oily or 
fatty, and become weaker as we rise in the soale, and in proportion 
as the oxygen of the water is more completely separated. The 
oxides of ethyls, methyls, amyle, oetyle, ceryle and melissylo ocour 
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combined with acids of this series, forming compound ethers, to some 
of which the flavour of many fruits is to be ascribed. The acetate, 
butyrate, caproate, and caprylate of ethyle are found in the pine- 
apple, melon, strawberry, &c. A similar salt of oxide of amyle 
gives flavour to tho pear. Oil of gaultheria is the salicylate of 
methylc. Spermaceti is tho cetylate of cetyle ; and one kind of 
wax is the palinitate, another the cerutate, of oxide of cerylo. 


Group VI . — Resins and Camphors. 


Substance formed. 

Name. 

Formula. 

Carbonic acid Water 
used. usod. 

ill eqs. in eqs. 

Oxygen 
separated, 
in eqs. 

Many rosins 

Oio II 7 0 

10 

7 

26 

Camphor . . . . 

Cm II* 0 

10 

8 

27 

Borneo camphor 

Cue Il.aOa 

20 

18 

56 

Many resins 

CiMl IIl4 Oi! 

20 

14 

52 

Many resinous acids 

Cw II 15 02 

20 

15 

53 


In this widely diffused grogp, very little oxygen is left. It 
includes an immense number of isomerio and polymeric resins and 
resinous acids. All arc highly combustible. 


Group VII. — Carbohydro<jens. 


Substance formed. 

Carbonic acid 
used. 

Water 

usod. 

Oxygen 

separated. 

Name. 

Formula. 

in oqs. 

in oqs. 

in cqs. 

Oil of lemons, Ac. Ac. 

. C* U.A 

5 

4 

14 

Oil of turpentine, Ac. 

Ac. C 10 ILj 

10 

8 

28 

Toluole . 

. CuH» 

14 

8 

36 

Styrole (cinnamole) 

, . CjoII* 

16 

8 

40 

Metastyrole (draeole) 

. . ChHt 

14 

7 

35 

Oil of juniper, Ac. Ac. 

. Ci5 Hia 

15 

12 

42 

Cumole 

. . 0x8 Hi* 

18 

12 

48 

Cymole . 

. C 20 H 14 

20 

14 

54 


In this group, which is very widely diffused, the whole of the 
oxygen, both of the carbonic acid $nd of the water, has been 
separated, and consequently no further deoxidation can take 
place. Hence these compounds are very permanent, and are 
chiefly altered by their natural tendency to absorb oxygen under 
favourable oircumstanccs. 

It will be seen that these seven groups are so many successive 
steps in the scale of deoxidation, at one end of which stand 
oarbonio aoid and water, at tho other the non- oxygenated 
essential oils* And it is evident, also, that the members of one 
group may be converted into those of the next higher by 

K N 2 
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deoxidation, with or without the addition of water. This 
is probably what takes place, leaving out of view, for tho 
present, nitrogen and sulphur. First, oxalio acid is formed; 
then malic, tartaric, and citric acids, Ac., from it, or from eaoh 
other; then sugar, starch, Ac., from the acids; bitter, acrid, and 
coloured compounds from sugar, starch, Ac. ; then oxygenated 
volatile oils ; and then acids, perhaps also from sugar, Ac. ; then 
the oily and fatty acids, either from the preceding oils and acids 
or from sugar; then tho resins, from the fats or from sugar; and, 
lastly, the carbohydrogens. Thus we have a picture of the whole 
process of vegetation, as far as concerns compounds devoid of 
nitrogen and sulphur ; and we find it to be uniformly one of 
deoxidation. We shall find, also, that the same law holds in. 
regard to all those products in which nitrogen and sulphur arc 
present. But before examining that subject, it may bo remarked 
that the chief mass of plants is made up of woody fibre or cellulose, 
C 12 Hio Oio, with starch, sugar, and gum, oils, resins, and fats, 
as well as vegetable acids, and that all of these are destitute of 
nitrogen. Hence the chief part o4 the food of plants is that which 
supplies carbon, hydrogen, and oxygen ; in other words, carbonic 
acid and water. 

Those are supplied by the atmosphere. The various processes, 
constantly going on, of the decay of dead animals and vegetables, 
the respiration of animals, and combustion, are at every moment 
pouring carbonic acid into the air, and yet, in the free open 
atmosphere, the proportion of carbonic acid never increases, as it 
would do in a closed space, beyond tho average of $i Ki th, or a 
little more, hut never exceeding - 10 \,th part of the volume of the 
air. Now these processes not only produce carbonic acid, hut 
also consume oxygen, arid that in the same proportion, the oxygen 
they take up being equal in volume to the carbonic acid which it 
forms. And yet, not only does the proportion of carbonic acid in 
the air not increase, hut that of the oxygen does not diminish. 
Evidently, therefore, some cause must be in operation, directly 
opposed to, and exactly balancing the processes of respiration, decay, 
and combustion. And sucl^a process is that of vegetation, ortho 
action of growing plants on carbonic acid arid water under the 
influence of light, by which, as we have seen, these are deoxidised, 
vegetiflble products are formed, and oxygen is given out. Thus 
tho air is kept in a state of purity, and yet is constantly under- 
going change; for as fast as respiration, decay, aiul combustion 
consume oxygen and form carbonic acid, vegetation consumes 
carbonic acid and produces oxygen. Any excess of carbonic 
acid instantly causes an increase of vegetation, and therefore of 
oxygen, as well as of food for animals. When animals, by this 
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food, increase, they produce more carbonio acid, and so on, tbo 
oxygen circulating from the air to carbonic acid in the animal 
processes, and from carbonic acid, by means of plants, back to the 
air again. 

It is quite conceivable, that in the earlier geological periods, 
when, as it appears, warm-blooded animals did not exist, the air 
may have been unlit for them, by reason of its containing too 
much carbonic acid. But this, within certain limits, would be 
favourable to vegetation, and especially, as there is reason to 
believe, to that of cryptogamous plants, such as ferns and 
lycopodiaccm, and also the cycadaccm. The action of such plants 
growing with enormous luxuriance, and not balanced by animal 
life, would in time diminish the amount of carbonic acid, in- 
creasing at the same time that of oxygen in the air, till it became 
tit for the respiration of warm-blooded animals, and the carbon, 
thus remove! from the air, would bo stored up iu the form of 
remains of these plants, protected from decay by being covered 
with some rocky mass. In accordance with this idea, while the 
animals of the carbonaceous and other early periods seem to have 
been reptiles or fish, that is, such us required little oxygen, the 
vegetation, as found, partly decayed, in our coal-beds, seems to 
have been prodigiously luxuriant ; and it is said that ferns and 
other similar plants, which abound in coal, really do grow most 
luxuriantly in an atmosphere charged with carbonic acid, to a 
much greater degree than air is. Be this as it may, vegetation 
would purify such an atmosphere, till warm-blooded animals and 
man could live in it ; and then, the balance, once attained, would 
continue undisturbed as at the present day. In fact, air, taken 
from closed vessels, from the tombs of Egypt, 3000 years old, or 
the ruins of Herculaneum, 2000 years old, has been found as rich 
iu oxygen as that of the present time. 

Plants, then, obtain all their carbon, directly or indirectly, 
from the air : directly, by absorption through the leaves ; indi- 
rectly, through the absorption of water by the roots, this water 
having dissolved some carbonic acid in passing through the air, 
and moro in filtering through the soil, in which carbonic acid is 
constantly formed by the decay of organic matter. But this 
solution of carbonio acid has another and very important func- 
tion to perform, namely, to dissolve earthy and alkaline 
phosphates and carbonates, and thus to supply the plant with 
its mineral food. Although, therefore, part of the wood, <&c., of 
a plant may be formed from the carbonio acid entering by the 
roots, yet as plants give out from the roots a certain amouut of 
carbon in the form of excretions, we find that the whole increase 
in the weight of carbon in a growing plant is really derived 
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from tlie air by the leaves. The soil becomes richer in carbon 
rather than poorer, and thus the carbon of all crops, as far as 
its weight is concerned, comes from the air. There is no evidence 
that mould or humus ever enters the plant as such ; but it is 
converted into carbonic acid, which enters by the roots and acts 
as a solvent for mineral salts. This, as we shall sec, is the true 
reason why the presence of humus in the soil or in manure is 
advantageous, But direct experiments have proved, that plants 
can grow in perfection, and produce fertile seeds, as the first plants 
must have done, in a soil destitute of humus or mould, provided it 
contain the necessary alkalies, phosphates, and other mineral salts, 
in a form adapted for entrance into tho plant. In this case, tlio 
atmosphere easily supplies the whole of the carbon required, as 
well as the ammonia, if the necessary time bo given. 

Let us now attend to the nitrogen of plants. This, as already 
stated, is supplied to wild plants entirely by the air, and, so far 
as we know, only in the form of ammonia. Some authors have 
held that nitric acid furnishes nitrogen to plants, aud that this 
acid is formed in the air by thunder-storms, and carried down 
by the rain, and they point to the occurrence of nitric acid in 
springs in proof of this. Now, it is true that nitric acid is 
formed in thunder-storms, but in very minute quantity, whereas 
ammonia is, and must be, present in the air at all times. When 
electric sparks are passed through air, nitric acid is formed, but 
a continuance of the sparks again decomposes it. Indeed, there 
is reason to believe that the nitric acid of storms is produced by 
the oxidation of ammonia of the air, as in nitrification, whero 
ammonia is oxidised into nitric acid and water, N II» 4* Ot» = 
N Oa, 3 FI 0 ; so that, even if nitric acid did yield nitrogen to 
plants, that nitrogen might be derived from ammonia. This 
would account, too, for tho small amount of nitric acid formed. 
For if it wero produced by tho action of electricity on tho 
nitrogen and oxygen of the air, there seems to be no reason why 
it should not be formed in very largo quantity ; while ammonia 
forms less than j^th of the air, perhaps much less. Nitric acid 
is chiefly found in springs where decaying organic matter is near 
them, as in towns, and is formed from tho ammonia produced in 
their <k;cay, by the same process as in nitrification. Besides, 
although plants probably possess tho power of decomposing nitrio 
acid, we know that many plants, such as tobacco and sunflower, 
actually produce nitric acid, or, at least, do not destroy that which 
enters them. On the whole, we may admit that both ammonia 
and nitric acid may yield nitrogen to plants, but we must not 
forget that nitrio acid is most commonly formed from ammonia. 

Tho origin of the ammonia in the air is obvious. It is 
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contained in the exoreta of animals, chiefly in their urine, and is 
also produced from the decay and putrefaction of dead animals 
and vegetables, the whole of their nitrogen rising into the air as 
carbonate of ammonia. The combustion of coal also yields it, 
and it is said that some ammonia is given out in the respiration 
or transpiration of animals. It is stated, that if the a ; r of a 
crowded theatre ho allowed to escape by a narrow opening 
above, while fresh air enters below, tho air passing out is 
pungent from ammonia ; but whether this be derived from the 
lungs or the skin is not known. But it is evident that the air 
must be continually receiving supplies of ammonia ; and as plants 
cannot grow without it, and fix large quantities of it, they must 
be continually removing it from the air. Here, then, is a balance 
between vegetable life and animal life, supported by plants on 
tho one hand, and decay on tho other, similar to that above 
explained of the carbonic acid and oxygen ; only the bulance of 
nitrogen is single, while that of carbonic acid and oxygen is 
double. Ammonia, that is, its nitrogen, is taken up by plants, 
by them supplied to herbivorous animals, and by these to 
carnivorous animals ; so that in this case vegetation and animal 
life act on the same side. And tho decay or putrefaction or 
combustion of both vegetables and animals sends the whole of 
their nitrogen, in the form of ammonia, back to the atmosphere. 
This balance is as perfect as the former, and both combined keep 
tho composition of the air perfectly uniform within certain limits. 

The proportion of ammonia in the air is so small that it 
cannot be detected by direct tests applied to a small portion of 
air ; but it is easily detected in rain water by acidulating it with 
sulphuric acid, and evaporating it to 3 J H -,th or 7l } x) th of its bulk. 
The addition of lime or potash will then set free ammonia, 
which may be recognised by its smell, and by forming white 
vapours with hydrochloric acid ; or the addition of bichloride of 
platinum will causo a yellow precipitate of ammonio -chloride of 
platinum. It is evident that the ammonia of the air is brought 
to the soil by the rain, and enters plants partly by the roots, 
partly by the leaves ; and it has been proved by experiment 
that the air is capable of s\ipplying to plants, in the form of 
ammonia, all the nitrogen they require, provided only tho soil 
contain the necessary mineral food in avail ablo forms, and time 
be allowed. When we come to treat of manures, we shall speak 
of the uses of ammonia in them. 

It will ho as well to mention here, that the only remaining 
combustible or organic element of the food of plants, namely, 
sulphur (for the phosphorus is always in tho incombustible form 
of phosphoric acid), is obtained from sulphates in the soil, ohiefly 
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sulphate of lime or gypsum, which serves to explain the value of 
gypsum as a manure. 

We have seen liow, in a general way, plants form, from 
carbonic acid and water, all those vegetable products which 
contain neither nitrogen nor sulphur, and invariably by the 
separation of oxygen. Now, to produce nitrogenised compounds, 
such as malamide or asparagine, indigo, and the vegetable bases, 
morphine, quinine, strychnine, caffeine, &c., it is only necessary 
that, to the conditions formerly mentioned, namely, an active 
cell, containing albuminous matter, and the presenoe of phos- 
phates, alkalies and salts, carbonic acid and water, sugar, &o., 
ammonia should be added ; and the plant then, by the same 
process of deoxidation, gives rise to nitrogenised products. That 
these conditions are fulfilled is proved hv the fact, that the juice 
of plants contains sugar or gum, albuminous matter, alkalies, 
phosphates, and salts, and among these, salts of ammonia. And 
it is easy to illustrate the formation of the compounds here 
alluded to. It must first, however, be mentioned, that ammonia, 
from its nature, is a very romarkablo substance. It cannot bo 
formed by the direct union of its elements, but only when they 
meet in the nascent stato; and, from the strong attractions of 
both its elements for other elements, it is particularly liable to 
transformations. Of these, the oxidation of botli its elements, 
which occurs best in contact with bases, as in nitrification, has 
been mentioned. When ammonia is in contact with lime, air, 
and moisture, nitrate of lime is formed, and from this the nitrate 
of potash, N IIs -p Ca 0 -f 0« = Ca 0, N 0 5 +3 II 0. But in 
organic chemistry we meet with another peculiar transformation 
or series of transformations of ammonia, those, namely, iu which 
one, two, or all three of its atoms of hydrogen arc removed, in 
nnion with oxygen, derived from an acid ; and both residues, the 
ammonia mihus hydrogen, and the acid minus oxygen, combine 
to form new compounds, which are called amides, irnides, and 
lutryles, according as the ammonia has lost one, two, or three 
atoms of hydrogen, and the acid, of course, one, two, or three 
atoms of oxygen. The simplest example of an amide is oxamide, 
formed as follows : N Ha , H 0, C# 0 3 = N Il 2 , Ca Oa + 2 II 0. 

Oxalate of Ammonia. Oxaiuide. 

All amides are formed iu the same way, by tbc separation of 
2 eqs. of water from the neutral salt. If the acid be bibasic, the 
neutral salt contains of course 2 eqs. of ammonia ; but here also, 
2 eqs. of water are separated to yield the amide, as in asparagine 
or malamide. 

Ca H* Oa, 2 N H* 0 =r Ca Na Hio Oa + 2 II 0, 

Mftlato of Ammouia. Maluuiide, 
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When the same change takes place in the acid salts of ammonia, 
with a monobasic or bibasio acid, the result is an acid amide. 
Thus binoxalato of ammonia yields oxarnic acid. 

C* Oa , HO, C* Oa, N H* 0 = C* N Ha Oa + 2HO 
Biuoxuliito of Ammouia. Oxamic Acid. 


and 


C* 1I< 0«, HO, N H* 0 = Cs N IItOs + 2 H 0. 

Acid Malute of Ammouia. Malumic Acid (Aspartic Acid). 

Tlius the general law for amides, neutral and acid, is the 
elimination of 2 eqs. of water from a neutral or acid salt of 
ammonia. These amides are very numerous as artificial products, 
and one at least, nialamide, or asparagine, is an important 
natural product. They all, when boiled with acids or bases, 
yield ammonia, and the acid from which they were formed. It is 
probable that amides have an important part to play in vegeta- 
tion, and that they may contribute to the formation of vegetable 
bases. For in several instances, artificial amides arc converted 
into bases, isomeric or polymeric with themselves. Thus, oil of 
bitter almonds, with ammonia, yields a neutral crystalline 
c ompound , hy drobenz amide, 

3 (Cm 1L> 0*) + 2 N Ila = 6 H 0 + CUN* H, s 

Oil of bitter almonds. Hydro benzamido. 

and this compound, when boiled with potash, is transformed into 
the isomeric base, amarine. In like manner, oil of bran, or 
furiurole, Cm llo Os, with 1 eq. of ammonia, yields 3 eqs. of 
water, and 1 eq. furfuramide, Cis N Ho Oa ; and this, boiled with 
potash, is converted into tho base furf urine, C»o Na Ilia Oa, 
polymeric with it. 

Under Indigo we have described colourless indigo, as it exists 
in the plant. This is probably an amide of an acid not yet 
known, Cio lit Oa, For 

CioIU Oa + N II* 0 = 2 H 0 + Cid N He 0* . 

Supposed Add. White Indigo. 

And this, when exposed to air, passes by tho simple removal 
by oxidation of 1 eq. of hydrogen into blue indigo, Cio N 1I» Oa. 

Some nitrogenous colours are produced by the combined action 
of ammonia and oxygen on colourless substances from plants, both 
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processes going on outside of the plant, whereas in indigo the 
action of ammonia has taken plaoe in the plant, and oxygon alono 
is wanting to produce the colour. The beautiful dye archil is 
produced by the action of ammonia and air on the colourless 
oroine. Now, in this case, an amide is probably first formed, and 
afterwards oxidised. 

Ci 4 IIs 0, + N Ih = Cu H' NOi + 2 II 0 

Orciuo. Orcinamidt). 

and 


Cu N 0* + Oo = Cu Hr N 0.» + 2 II 0 
Orciimmide. Blue Oreoino. 


Amygdaline, the peculiar bitter compound wliich yields the oil 
of bitter almonds, seems to be an amide of amygdalinie acid, an 
acid which may be obtained from it. Thus, 


0» Ilo: 0,s + N H* 0 
Amygdalinic acid. 


Cvo N IT -7 0i 2 + 4 n 0. 
Amygdaline. 


Wo may conclude, therefore, that all thoso compounds found in 
plants, which contain nitrogen without sulphur, are either amides, 
or derived from such compounds. 

When a salt of ammonia loses so much water, that 1 eq. of 
ammonia has lost 2 eqs. of hydrogen, and 1 eq. of the acid 2 eqs. 
of oxygen, the resulting compound is called an Imide, Imido 
being the name of the compound N II which is left, as Amide is 
of N Ha . A few imides are known, but all are artificial, and, 
besides, they agree with amides in yielding the original acid and 
ammonia, when boiled with acids and bases. If they exist, 
therefore, in plants, they will be formed in the same way as 
amides, and yield analogous compounds. We need not, there- 
fore, dwell on them. Were neutral oxalate of ammonia to lose 
3 eqs. of water, instead of 2, it would yield oximide, N II* 0, 
Ca Oa = 3 II 0 Ca N H 0, which last would be oximide, 
differing from oxarnide by 1 eq. of water. 

The nitryles, which are compounds in which all the hydrogen 
of ammonia has separated as water with 3 eqs. of oxygen from 
the acid, are, for the most part, artificial products. Thus, benzoate 
of ammonia, N H* 0, Cm, Ha Oa , if deprived of all its oxygon , 
that is, of the 3 eqs. in the anhydrous acid, and of the l eq. in the 
oxide of ammonium, along with 4 eqs. of hydrogen, 3 from the 
ammonia, and the fourth from the water which converts ammonia 
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into the oxide of ammonium, and is necessary to the existence of 
all salts of ammonia with oxygen acids, yields Jknzonitn/le , Ci* 
N Ho. It would appear that nitryles, which contain no oxygen 
so far as known, are derived from such acids as contain only 
3 eqs. of oxygen when anhydrous, or 4 in the form of hydrate. 
Hence tho acids of the Formic and Aeetio series (Cn Hi, ) 2 0* , 
readily yield nitryles, as well as those of the Benzoic series. Tho 
reader will observe, that in the equations above given for amides, 
the ammoniacal salts are represented with N II* 0, when the 
acid is represented as anhydrous, and with N Ila, when tho 
acid is given as hydrate. In all cases, 1 eq. of water must be 
present, beyond the anhydrous acid and dry ammonia, N Hs , and 
it is of no consequence whether this be written along with the 
anhydrous acid, or with the ammonia, which it converts into 
oxide of ammonium, for N Ils -f H 0 = N II* 0. It is therefore 
quito indifferent whether oxalate of ammonia be written N Ha, 
C % Oa , H 0, or N II* 0, Ca Os , and so for all similar cases. The 
fourth atom of hydrogen in N II* 0, is always separated as water 
along with the other three, or with one or two of them. This is 
the reason why in the formation of amides 2 eqs., of imidcs 3 eqs., 
and of nitryles 4 eqs. of water are expelled from the neutral dry 
salt of ammonia. The oxalate of ammonia, as we have seen, 
yields oxaraidc by losing 2 eqs., and oximide, C 2 N 11 0, which 
would probably appear as cyanogen and water, by losing 3 eqs. 
of water; and if it lost 4 eqs., it would yield cyanogen Ca N, 
which is tho oxalonitryle. Now there is a curious relation 
between the nitryles and cyanogen. For Formouitryle, Ca N H, 
is hydrocyanic acid; Acetonitryle, C* N Ha, is the cyanide of 
methyle, and so on. lienzoriitryle, Ci* N 1I 5 , is probably the 
cyanide of phenyle, Ca N, Cia Hs. It is not known whether all 
nitryles are cyanides, or whether some may not be isomeric with 
cyanides. We may conclude, therefore, that cyanogen and 
hydrocyanio acid, which occur in plants, arc nitryles formed, tho 
former from oxalate, the latter from fomiate of ammonia. And 
it now appears, that some of the non-oxygenated volatile bases, 
such as nicotine and coniine, are basic nitryles. 

Having now explained the reaction of ammonia to form 
amides, imides or nitryles, let us consider the formation of such 
compounds as contain nitrogen without sulphur, supposing them, 
as before, to be produced immediately, as wo know they are 
mediately, from the food of plants, namely, carbonic acid, 
water, and ammonia. This will bo best illustrated by a tabular 
arrangement. 



556 


PRODUCTION OF NITROGENOUS 


Substance formed. 

CO.. 

used. 

HO 

usod. 

N Ha 
used. 

0 sepa- 
rated. 

Namo. 

Formula. 

in eqs. 

iu eqs. 

in oqs. 

in eqs 

Asparagine 

. Cs N* II 10 Os 

8 

4 

2 

12 

White indigo 

. C 10 N IIo Oa 

10 

3 

1 

33 

Amygdaline 

. (ho N 11*7 Oil 

40 

21 

1 

$2 

Nicotine . 

. Cao Na IIu 

20 

8 

2 

43 

Coniine 

. CxoN 11 15 

id 

12 

1 

44 

Morphine 

. C:**N llitt Oo 

35 

16 

1 

80 

Quinine 

. C*o Na Ha* 0* 

40 

18 

2 

04 

Strychnine 

. On Na Has 0* 

42 

3 6 

2 

06 

Caffeine . 

. Ci.iN* IIio 0* 

115 

0 

4 

28 

The table 

will sufficiently 

illustrate the 

formation 

of the 


different classes of nitrogenised compounds which it embraces, 
namely, indifferent bodies, bitter compounds, colouring matters, 
volatile and fixed organic bases. They all contain very much 
loss oxygen than the carbonic acid and water from which they 
have been derived, and some of them none at all. But there is 
no doubt that they are formed mediately, not immediately, and 
possibly from acids or sugar,' acting on ammonia with deoxidation, 
the acids or sugar having been previously formed from carbonic 
acid and water by deoxidation. 

There is a small but pretty widely diffused group of compounds 
containing sulphur, but no nitrogen. These are oils, and, like 
almost all organic compounds of sulphur, they have a fetid 
alliaceous odour. Such are the oils of garlic, and probably of 
hops, of Polygonum hydropiper , aud of Arum macula turn. The 
only one yet analysed is the oil of garlic, Co Ha S, which may bo 
viewed as the sulphuret of the radical allyle, or ucryle, C« Ha, 
isomeric, but not identical, with propionyle, Co IB , tho radicul 
of propionic or propylie acid. It is of course easily derived from 
0 eqs, C O a , 5 eqs. H 0 , and .1 eq. S 0 », for these, losing 20 eqs. 
of oxygen, would yield C« H» 8. It is very probable that the oils 
of onions and leeks contaiu similar compounds, perhaps homo- 
logous ones, such as sulphuret of formyle, C 2 Ha S, or sulphuret 
of acetyle, C* H3 8, or sulphuret of butyryle, C» Ht S. 

There is one remarkable oil, that of mustard, which contains 
both sulphur aud nitrogen. It is, in fact, as has been already 
fully explained, the sulphocyanide of allyle or aeryle, Co Hb 4* C« 
N S* = Ce N IIo Sa, and it may be deduced from 8 eqs. C Oa, 2 
eqs. H 0 , 1 eq. N Ha , and 2 eqs. 8 Os , simply by the loss of 24 eqs. 
of oxygen, or the whole oxygen they contain. 

We now come to the most complex of all tho organic products, 
namely, the albuminous or sanguigenous compounds, albumen, 
ffbrine, and oaseine, which are the highest in the vegetable scale, 
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and the production of which, both as essential to tho seeds, and 
as furnishing sanguigenous food for man and animals, is the chief 
object of vegetation. They contain, as we have seen, five com- 
bustible elements, carbon, hydrogen, nitrogen, oxygen, and 
sulphur, along with phosphates, essential to their existence. 
They cannot, therefore, bo formed without a supply of phosphates, 
and as their presence is indispensable both to the cell and to its 
contents, plants cannot grow in a soil devoid of phosphates. In 
such a soil seeds will germinate, and produce a few leaves at the 
expense of the seed, or of the first leaves, whioh die off. But 
here they stop, and however abundant tho supply of carbonic 
acid, water, ammonia, sulphurio acid, silica, potash, common 
salt, lime, &c., yet if phosphoric acid be absent, the plant soon 
withers, without having produced seeds. When supplied with 
phosphates, plants grow vigorously and produce abundant fruit, 
and having done so, either die, or become torpid for tho winter, 
after losing their leaves. So close is the •onnection between 
phosphates and sanguigenous matter, that the seeds, where tho 
latter accumulate, yield, when burned, ashes formed chiefly, some- 
times entirely, of phosphates ; while the ashes of wood, straw, or 
leaves, contain chiefly carbonates and silica. 

Wo have seen that these compounds are very complex, not 
only containing five organic elements, but containing a very 
large number of theso in one molecule. Thus the smallest 
molecule indicated by analysis * contains of 



Carbon. 

Hydrogen. 

N itrogen. 

Sulphur. 

Oxygen. 

Total. 


Atoms. 

Atoms. 

Atoms. 

Atoms. 

Atoms. 

Atoms. 

Allmmen 

. 2 Id 

Id9 

27 

2 

68 

482 

Casoine 

. 2S8 

223 

30 

2 

90 

644 

Fibrine . 

. 2LG 

109 

27 

2 

68 

482 


The fibrine in the table is vegetable fibrinc, which agrees with 
that of llesh or sarcofibrine, in being apparently isomeric with 

* The formula! here given to tho sanguigenous bodies are not given as certain, 
but only as a near expression of tho rosults of tho best analyses. Wo liavo 
already, in speaking of albumen, fibrine, <&o. mentioned not only those formulae, 
but. more simple ones proposed by Hunt and others. Tho latter, however, agree 
less closely with analysis. It is certain only that tho true formulas aro not yet 
know'll, but that, they are very complex, and in tho tables which follow, as well 
as others f o ther on, wo merely use these formula} for tho purpose of illustration. 
Any others corresponding equally well with aiialysis, might be employed ; but as 
no additional certainty has boon obtained in regard to tho true formula*, those used 
in the last edition of this work are retained. 

It is, however, necessary to remind tho reader that casoine, which is bore 
supposed to differ materially in composition from albumen and fibrine, is now 
believed by many to bo isomeric with them in tho combustible or organic |>art ; in 
fact to bo albuminate of potash. Hut as this is still uncertain, the formula here 
given to coseino is left as it was. 
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vegetable albumen. (Blood fibrine or homatofibrine is said to bo a 
different substance.) Now, we can easily suppose these bodies to be 
formed from sugar, C 12 Hia O 12 , that is, dry grape sugar, along 
with ammonia and sulphuric acid. Thus, 

Employed. Expelled. 

Vegetable. Sugar. Ammonia. Sulphuric acid. Water. Oxygen. 

Albumen and Fibrine 18 27 2 128 26 

Caseine ... 24 36 2 168 36 


Blood fibrine is not formed in vegetables, and is therefore 
omitted here. We can also easily deduce the formula) of vegetable 
albumen and fibrine, and that of caseine, from carbonic acid, 
water, ammonia, and sulphuric acid, by deoxidation. In fact, 
the formation of sugar is only the first or early part of the process, 
supposed to ocour before ammonia is concerned. 


Employotl. 


Vegetable. CO* HO N Ha S Oa 

Albumen and Fibrine .216 88 27 2 

Caseine . . . 288 120 36 2 


Expelled. 

Oxygen. 

4(14 

612 


The following diagram will illustrate the process, viewed in 
two successive stages, the first being the formation of sugar. 


C. N. 

8. II. 0 . 

216 eqs. carbonic acid . = 216 


432 

216 eqs. water . . = 

216 216 

The sum is . . . = 216 

216 648 

Deduct 18 (Cis IIi» Ois)\ 01 » 

(sugar) . . .j-- 216 

216 216 

The difference is . 


432 eqs. of oxygen 

expelled in producing 18 eqs. of sugar. 

C. N. 8. 

U. O. 

18 eqs. sugar C»a Ilia Oi 2 . =216 


216 216 

Add 27 eqs. ammonia N Ha = 27 

81 

And 2 eqs. sulphuric acid S Oa = 

2 

6 

The sum is . = 216 27 2 

207 222 

Deduct 128 eqs. water HO. = 


128 128 expelled. 

210 27 2 

160 94 

Deduct 26 eqs. oxygen . sss 


26 oxy. expelled. 

domains Albumon . . = 216 27 2 

160 68 
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Thus wo see that if albumen be formed from sugar, there must 
bo expelled 128 cqs. of water and 26 of oxygen ; whereas, if it 
were formed immediately from carbonic acid and water, as ex- 
plained in the second table, 454 eqs. of oxygen and no water 
would be given olF. The reason of this is that albumen contains 
much less of hydrogen than of carbon, whereas sugar contains an 
equal amount of both, as well as of oxygen, and the excess of 
hydrogen in sugar must be given out in the form of water, while, 
if carbonic acid and water could directly yield albumen (with 
ammonia, &e.) only 88 eqs. of water would be necessary to 210 of 
carbonic acid and 27 of ammonia. 

We have now traced the formation of all classes of vegetable 
products, and in doing so, two points are specially worthy of 
notice ; first, that plants possess the power of building up, from 
comparatively simple molecules, such as are more complex, and 
that this complexity increases as we rise in tho soale of vegetable 
products, till wc come to those substances whicb^orm the vegetable 
tissue, such as woody fibre or oellulose (which is Cia Hio Oio , or 
perhaps a multiple of these numbers. The composition of starch, 
which is serai-organised, is the same as that of cellulose, Cia Hio 
Ojo ), and albumen, casciue or fibrine, which are not only essential 
to the vegetable cell, but destined to form animal tissues, are 
greatly more complex even than this. Secondly, that in every 
part of the vegetable process, in the formation of every form of 
vegetable products, of acids, neutral bodies, cellulose, starch, 
fats, oils, resins, bases and sanguigenous matters, one character 
universally prevails, that, namely, of deoxidation of the materials 
and liberation of the oxygen. When we deoxidise any substance 
in the laboratory, we do it by causing the oxygen to combine with 
another body ; hut vegetables, while they produce all matters 
essential to their own development and to the life of animals, give 
out, in doing so, the oxygen which is removed, and thus plants 
cannot grow without, as a necessity of their life, restoring to the 
air the oxygen withdrawn from it by the life of animals. We 
shall see that the chief processes going on in the animal body, 
which produce results equally varied and wonderful, are, in both 
the above points, of an opposite nature. 

It would seem as if deoxidation were somehow favourable to 
tho coalescence of smaller molecules to form larger and more 
complex ones, for in almost all of those cases in which we have 
succeeded in building up, as the plant does, complex atoms from 
simpler, it is by deoxidation. But these cases are still few, and 
we have not yet learned to produce in this way natural vegetable 
products, apparently because we cannot yet imitate either the 
vegetable cell or the poculiar vegetable process of deoxidation ; 
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buttle compelled to use coarser methods. We aro more fortu- 
nate in the destruction or decomposition of complex organic 
products, for in this way, and especially by prooesses of oxidation, 
we have produced many substances identical with, and many 
others perfectly analogous to, vegetable products, but invariably 
less complex than the substances from which they are obtained. 
In this we imitate the destructive animal processes, while we fail 
to imitate the constructive process, whether of vegetable or 
Animal life, tho latter requiring tho aid of the vital force to 
modify chemical action ; the former depending chiefly, if not 
entirely, on chemical causes within our roach. 

In vegetation, water acts, not only by its elements, -which are 
required, along with those of carbonic acid, ammonia, and sul- 
phuric acid, to yield vegetable products, but also as a solvent 
for the essential mineral matters derived from tho soil, all of 
which enter the plant, dissolved in water, or rather in a solution 
of carbonic acid iu*vater. 

Of these mineral substanoes, tho most important arc the 
alkalies, potash, and soda ; the alkaline earths, lime and magnesia ; 
oxide of iron ; silicic acid ; chlorides of sodium and potassium ; 
in sea plants also the iodides of some metals ; and the phosphates 
of lime and magnesia. It is as a solvent for lime, magnesia, 
oxide of iron, and the earthy phosphates and carbonates, that the 
carbonic acid taken up by the rain in passing through the air and 
the soil is so important ; for all tho other substances aro soluble 
in pure water. And it is as a constant source of oarbonic acid for 
this purpose in the soil that the presence of organic matter in the 
soil, or in the manure added to it, is so advantageous as experience 
shows it to he. 

The alkalies and earth, oxide of iron, and silicic acid, found in 
fertile soils, aro derived from the decay of rocks, and chiefly of 
felspar, tho chief ingredient of granite, gneiss, mica slate, clay 
slate, hornblende rock, porphyry, greywackc, all slaty rocks, and 
all varieties of trap and volcanio formations. Many of theso are 
very rapidly disintegrated, as some granites and slates, and the 
lava beds of Vesuvius, and yield at once a fertile soil. Others 
being more slowly acted on by the weather, yield soils of inferior 
quality, full of undccomposed felspar, which is quite insoluble. 
In such cases, the addition of quick or slaked lime has the effect 
of hastening the decomposition of the felspar, and rendering its 
elements soluble. This is the true explanation of the action of 
limo on stiff clay soils, which contain disintegrated, but not rauoh 
decomposed felspar. There is found on the sides of JEtxm and 
Hecla a volcanic felspar rock, or one closely allied to felspar, 
w ich is called Palagonite. This is so readily decomposed, 



SOURCES OF THE PHOSPHATES# 561 

yielding abundance of soluble silica and of potash, the .most, 
essent ial elements (except the phosphates) of cereal crops, that it 
is actually used as a manure for poor soils, and will ere long be 
imported into other countries for that purpose* The fertility of 
soils, cceteris paribus , depends on the proportion of decomposed 
felspar, or of such as is annually brought by the weather into the 
soluble form. The chief benefit derived from frequent ploughing, 
especially in stiff soils, is that it promotes the access of air and 
moisture, and thus hastens the decomposition of the felspar. 
The burning or calcination of stiff clay lias tho same effect ; for 
calcined felspar is much more easily acted on by the air than it 
would have been previous to calcination. 

Common salt is found everywhere, in every spring, and in 
every soil. Sulphate of lime or gypsum, which yields to plants 
their sulphur, is also very generally diffused in soils and in water, 
in which it is soluble. The quantity of gypsum in ninny soils is 
so large, that no benefit can be derived from the addition of it as 
manure, and the farmer who adds it in such eases, simply wastes 
the price of the gypsum. But where it is absent, or present only 
ill small proportion, then tho addition of gypsum produces 
wonderful results. 

The phosphates, whi^jp, aro absolutely indispensable to the 
growth of all vegetables, are found, fortunately for mankind, 
universally diffused both in rocks and in soils. There are few 
rocks, such as granite, greywacke, &o., in which minute scattered 
crystals of apatite or phosphate of limo may not he seen with the 
aid of a microscope; and the phosphates are present in every 
soil on which vegetation is found. The volcanic beds, which 
yield such fertile soils, are particularly rich in phosphates, and 
these salts also occur in many limestones (all of which have had 
an animal origin, as scon in shell marble, shell limestone, and 
chalk, which are often entirely formed of shells), in considerable 
quantity. Such limestones are of course the be^t for the farmer. 
But, on an average, the proportion of phosphates in any soil is so 
small, that one, or at most a few good crops, exhaust it, or nearly 
so ; that is,- they exhaust the available supply of phosphates, &o. 
There are soils, such as those of Vcsu\ius, of certain districts 
on the lower Danube, and of great part of tho United States, 
which either have not been exhausted by centuries of cropping of 
wheat or tobacco, or have only become exhausted after 100 or 
200 years of annual crops of the richest kind. But ordinary soils 
aro comparatively poor, and hence the necessity for manure, that 
is, for restoring to the soil what has been removed in the crop, 
especially the phosphates and alkalies, the ingredients most 
easily exhausted, Tho excreta of animals, solid and liquid, being 

o o 



662 


NATURE OP MANURES, 


rich in those substances, are the best manure; beoause they 
contain the phosphates and alkalies in the proportions required 
for plants, and also in the proper forms, since they are derived 
from the plants on which the animals have fed, and are, indeed, 
nothing else than the ashes of those plants. But farm -yard 
manure is not valuable only as containing phosphates, but also as 
containing ammonia or sources of ammonia, and organic matter, 
which serves as a source of carbonic acid. The most essential 
elements of manure arc the phosphates and carbonaceous matters ; 
for the latter supply a solvent, carbonic acid, for the phosphate's 
both of the manure and of the soil; and if this solvent be 
supplied, and the soil or manure supply also phosphates, alkalies, 
and sulphates, the air will furnish ammonia, provided time be 
given . This has been practically demonstrated on a large scale 
bv Liebig, who, by manuring a barren and worthless soil with 
phosphates, alkalies, silica, and sulphates alone, obtuined excellent 
results with wood and other perennial crops ; but found the 
result less favourable with cereals and other annual crops, which 
require a largo supply of phosphates in a short time, lie next 
added to the mineral manure sawdust, to yield carbonic acid, and 
now he obtained excellent results even for animal crops, although 
no ammonia was added, and the atmosphere supplied all the 
nitrogen. But it is certain that when The supply of phosphates 
is rapid, as it was here from the solvent action of the decaying 
sawdust, the air can supply any amount of ammonia, which 
cannot bo assimilated without abundance of phosphates. The 
further addition of ammonia to the mineral manure and saw- 
dust brought it to the state of fanu-yard manure, and then the 
same result is obtained in a still shorter time — a point of much 
importance in temperate or cold climates. Of course, to render, 
as in this experiment, barren soil fertile, is an expensive process, 
from the necessity of adding to it so groat an amount of mineral 
matter. But wherever a sufficient quantity can be added to it, 
without raising the cost of tho improved barren soil to or abovo 
that of fertile soil, then, by the judicious cropping and manuring 
of the improved land, its artificial fertility, like that of a soil 
originally fertile, may be kept up from its own produce, aided by 
the action of the weather, and if economically procurable, by 
liming. 

Farm-yard manure, solid and liquid together, is the standard 
or model manure, and the object of all artificial manures is, in 
part or in whole, to imitate or replace it. The best sources of 
phosphates, next to farm-yard manure, are bone-dust and guano. 
Bone-dust is composed of phosphates and gelatine. Guano is 
#ie decaying residue of the excrements of sea-fowl fed on fish, 
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and oontains phosphates and salts of ammonia, with some oar* 
bonaceous matter. It is evident that both resemble farm-yard 
manure, more or less, and that both are deduced, like it, from 
the vegetable food of animals ; for the fish consumed by the sea- 
fowl fed on other fish, which fed on animaloulae, which fed on 
sea-plants. Another valuable source of phosphates is that of 
bods of phosphate of lirno, derived from extinct animals. There 
are such beds, of vast extent, in Spain : others have been found 
near the Rhine, and in Canada ; and beds more or less entirely 
composed of coprolites, the fossil excrements of fish and reptiles, 
fed on other animals, arc abundant in England, as well as in 
other countries. These may be called fossil guano, and only differ 
from recent guano in having lost their ammonia and carbon. All 
these are extremely valuable as manures. 

But we must never forget that the best and most economical 
of all manures is farm-yard manure, or, what is the same thing, 
the night-soil and urine of inhabited places. In large cities, the 
amount of this invaluable matter is prodigious ; it represents, in 
fact, as far as phosphates go, the whole food of the inhabit- 
ants ; and yet, from ignorance or carelessucss, the greater part 
of it is wantonly cast into the sea, from which a mere fraction is, 
at a great expense, recovered as fish and guano. There are, no 
doubt, some practical difficulties in tho way of saving the whole 
of the contents of our sewers in large cities ; the chief of which 
is, tho enormous amount of wate r added to them in order to 
wash them away from our habitations. But the subject lias at 
length been taken up in earnest, and there are no difficulties 
which may not bo overcome. The bone-dust we import, at a 
high cost, from other countries, is lost to them, and is to us only 
a circuitous mode of recovering a small part of what we have 
thrown away. In process of time, no nation will consent to sell 
bone-dust, save at a price which will render its use impossible ; 
and wo must como to that to which the Chinese, with their 
practical sagacity, have come many centuries ago, namely, the 
principle of restoring to the land everything that is taken from 
it in the crops ; tho only principle on which agriculture can be 
permanently or profitably conducted on average soils. Tho 
amount of phosphates in our edible orops is far beyond anything 
ever seen in natural wild plants ; and, therefore, the supply 
required by a dense population, and ohtainod in the excessive 
development of seeds and roots in cultivated plants, must bo 
given to the soil in the shape of manure, the best being that 
derived from man, who consumes the crops. Tho rotation of 
crops, which takes advantage of the fact that one crop requires 
more of one ingredient and less Of some other than another crop 

o o 2 
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does, and the occasional use of fallow, which allows the weather 
to act and to render soluble a fresh supply of mineral matter, 
are only different branches of tho best method of following out 
the great principle of agriculture abovo enunciated. The cereals 
and grass require more silica ; turnips and potatoes more of tho 
alkalies; peas, beans, clover, and other legmninosm, more limo 
and sulphates; and thus may be alternated with great advan- 
tage, although all require a full supply of phosphates. For 
details on these important subjects, which our space forbids ns 
to enter upon more fully, but tho principle of which wo have 
endeavoured to explain, the reader is referred to Liebig’s Agri- 
cultural Chemistry, to tho third edition of his Letters on 
Chemistry, and to a small work recently published by him, the 
“ Principles of Agricultural Chemistry.” * 

A mistake is often made in the use of artificial manures, 
which is caused by ignorance of tho principles on which they 
act. The farmer lias added guano, bone-dust, or gypsum, and 
has obtained a very heavy crop. lie repeats the dose, and a 
failure ensues. The reason is, that tho first addition had enabled 
the crop to assimilate all the available alkalies, silica, or sul- 
phates present in the soil, or the greater part of them, so that, 
on the second addition of phosphates, there was a great deficiency 
of one, or another, or of all these matters ; and as all are equally 
essential, the deficiency of any will cause failure. On restoring 
the balance, success again will be tho result. Good farm-yard 
manure is the only one not liable to this cause of failure, because 
it is the only complete manure ; the ot hers being more or less par- 
tial, or confined to one substance. Of course the same risk of 
failuro exists, if the artificial manure added at first with success 
has been potash, or salts of ammonia ; for the addition of any of 
these, if previously deficient on the soil, wilL enable tho crop to 
take up a large proportion of the others, or of phosphates, and 
may exhaust it of any one for tho time. This ought particularly 
to be attended to, as when a special manure acts, it does so by 
exhausting tho soil, pro tunto , of all tho other necessary mineral 
ingredients. 

The ashes of wood, peat, or coal, arc valuable as manure, con- 
taining the mineral elements of wood, and of those plants from 
which peat and coal have boon funned ; mixed, in coal, with clay 
and sand. Tho ashes of straw are very valuable, especially for 
grass or the straw of com. In general, the ashes of any crop 
are the best mineral manure for that plant. The burning of 
heath, or of the turf pared from moor-land soil, is useful in two 
Ways ; first, by the action of heat on the felspar in the soil ; 

* Walton and Maberly, Loudon. 
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secondly, by supplying the ashes. By examining tho ashes of the 
plants which grow naturally on any soil, we can easily discover 
what are the most valuable constituents of that soil, and thus judge 
of the proper addition to it. The ashes of any crop are identical 
with the ashes of the excreta of the animals fed on that crop. 

The addition of ammonia to any soil, in the manure, can only 
be of use in so far as that soil contains, in an available form, a 
due proportion of alkalies, silica, phosphates, common salt, oxide 
of iron, and sulphates ; and the same is true of every special 
manure. A soil, if totally deficient in any one necessary ingre- 
dient, will he absolutely barren. Thus, if all the other matters 
be present, and phosphates, or sulphates, or alkalies bo alone 
absent, no plant can grow there ; but the addition of the ingre- 
dient which is wanting will convert the soil into a very fertile one. 
If a soil bo fertile for turnips or potatoes, and will not yield corn 
or hay, it is deficient in soluble' silica, essential to straw. If a 
soil yield grass and straw, but not corn, as sometimes happens, 
this may arise from deficiency of magnesia, which, in the form of 
phosphate, is essential to the husk of grain, so that in its 
absence no perfect seed is formed. Bran and urine, which both 
contain phosphate of magnesia, are on that account, and on many 
others, very valuable for corn. A soil on which corn grows, while 
clover or peas do not, is probably deficient in available lime or 
in gypsum. But iu some plants the absence of one base may be 
supplied by another, potash by soda, lime by magnesia. When 
a soil is deficient in most, or in all, of the necessary mineral 
matters so often mentioned, it is hopelessly barren. Such is the 
case with the soil of districts where quartz rock prevails, or 
where the soil has been derived from that rock, as is seen in part 
of the north-west of Ireland. But happily such soils arc rare, 
because such rocks are rare in any great extent. The deserts of 
Asia and Africa are barren, not because the soil is devoid of the 
mineral food of plants, but because of the want of water. Even 
in the desert, every spring is surrounded by an oasis of 
vegetation. 

We have said that the presence of decaying organic matter in 
the soil is useful in two ways ; as a source of carbonic acid, which 
principally acts, dissolved in water, as a solvent for lime, mag- 
nesia, and phosphates ; and as a source of ammonia. Both of 
these enable the plant to assimilate the necessary mineral matter 
in a far shorter time thau it could without them ; and this is a 
point of very great importance in our climate, where the summer 
is short, compared to that of tropical regions. To illustrate the 
power of water containing carbonic acid to dissolve phosphate of 
lime, insoluble in pure water, I may state that I found the 
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carcase of a pig, buried on the slope of a hill, which was moist 
and undrained, when taken up after fourteen years, to have 
shrunk into a flat cake (the change, most probably, had been 
effected in a much shorter time), whioh was entirely oomposed of 
fatty acids from the fat of the animal. The muscles and 
membranes, nerves and vessels, had putrified and disappeared, 
and not a traoe of bone-earth was to be found. The whole had 
been dissolved by the water percolating through tho body, and 
had thus been carried down to the lower ground. I found the 
water, like all water that passes through soils, to contain carbonio 
acid, and this had been the solvent. Hence, if cemeteries are 
placed in a high situation, the bone-earth is rapidly carried 
down to the vallies in a moist climate. In a dry situation, bones 
remain unaltered for centuries, as in the sandy soil of tho field 
of Cannse, on which the bones of those killed in that battle are 
often found to this day entire, though having lost much of their 
animal matter. The solvent power of carbonic acid must act in 
every soil, and hence the value of humus on the soil and of 
decaying organic matter in manure. 

We have now examined the process of vegetation, its rosults, 
and its indispensable conditions. It is perhaps worth whilo to 
remind the reader of tho very important part played by the solar 
rays in vegetation. That essential process, by which the plant 
decomposes carbonio acid and water, liberating their oxygen, can 
only take place under the influence of luminous rays; for 
although, on the prevalent undulation theory, heat and light are 
both regarded as vibrations of tho same kind, only differing in 
velocity, light only appearing when tho vibrations amount to 
from 400 to 800 billions in a second, and non-luminous heat 
when they fall short of 400 billions in a seoond, — although, 
therefore, light and heat are both motion, yet non-luminous heat 
cannot enable a plant to decompose carbonio acid and water. Now, 
if we consider that the chemical effect of light, light being 
motion, is a mechanical offeet, and that tho mechanical power 
necessary to decompose oarbonio acid and water is enormous, we 
see that the amount of mechanical effect produced in growing 
vegetables by the solar rays must be very great indeed. In fact, 
it has been calculated that the mechanical force derived from 
the sun by the amount of wood growing in a year on one square 
foot of snrfaoe corresponds to that which would be required to 
raise a weight of 488,000 lbs. to the height of one foot; and this 
is only ^th of tho whole effect of tho sun’s rays, of whioh only 
Jth reaches the plant, and half of that is lost. The recent 
investigations of Carnot, Joule, W. Thomson, and others on the 
relations of heat, light, and mechanical effect, tend, indeed, to show 
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that all the mechanical effect (except in a few cases, such as water 
and tide mills, volcanic action, and a few more), which is available 
to man, is derived from the solar rays, directly or indirectly. 
We have seen that a vast amount is expended in producing 
vegetables, and it is obvious that the whole mechanical power of 
tho animal body is drawn, mediately or immediately, from that 
which has been stored up in plants ; while the power of the steam- 
engine is derived from the conversion into heat of the mechanical 
force stored up in the fuel, whether wood or coal. This force, as 
we have seen, proceeds directly from the solar rays. 

Vegetables, as we have seen, cannot possibly grow and form 
seeds, without at the same time producing, as parts of their 
own structure, the food of animals in its two great forms, of 
non-nitrogenous or respiratory food, namely, starch, sugar, 
gum, and oils ; and nitrogenous, plastic, or sauguigenous food, 
namely, albumen, fibrine, and caseine. The former, which do not 
enter into the formation of blood, save, to a small extent, oils or 
fats, ma} r exist free from ashes or mineral matter, although these 
are necessary to their production ; but tho latter cannot exist, in 
the organism, at least, without containing at all events phosphates. 
And thus, by the beautiful arrangement which renders albumen, 
librine, and caseine indispensable to the development of plants, and 
to the production even of starch, sugar, and fat ; and which has 
rendered the presence of phosphates indispensable to the existence 
of albumen, tibrine, and caseine ; vegetables cannot grow, nor 
produce the plastic food of animals, or that which yields blood, 
without at the same time producing, and supplying to animals, 
the earthy matter required for their hones, and in a smaller pro- 
portion, for the blood and for all the tissues. If albumen, &c., could 
be formed without phosphates, or if even blood and muscle could 
exist without phosphates, still animals could not exist or bo formed 
without bone-earth. As it has been arranged with perfect 
wisdom however, the mere fact that a plant has grown, neces- 
sarily implies that it contains the materials required to support 
animal life, provided, of course, it he not a poisonous plant, and 
probably there is no plant which may not serve as food for some 
animal. 

Tho food of animals, then, consists of respiratory and sangui- 
genous matter. It is first masticated and mixed with the saliva, 
which includes in its viscid substance a quantity of air. It is 
then introduced into the stomach, where digestion takes plaoe. 
The saliva, which is alkaline, and contains a peculiar modification 
of albumen, called pty aline, has a peculiar power, not possessed 
by the gastric juice, of converting starch iuto sugar, which is an 
essential part of digestion. It also conveys oxygen, in the. form 
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of inclosed air, to tile stomach, where the oxygen probably assists 
in producing the peculiar change in tho gastric juice, or in the 
epithelial matter suspended in it, by which tho gastric juice 
dissolves albumen, fibrine, or caseine. The gastrio juice, which 
is acid, and contains phosphoric, lactic, and hydrochloric acids, 
has the very remarkable property of dissolving coagulated 
albumen, as well as hbrine and caseine, at the temperature of 
the body, hut has no action on starch. Since it acts as well after 
filtration as before, it is probable that the ferment it contains is a 
dissolved one, and not, asFrcriehs states, suspended epithelial cells. 

When the food has been digested to a certain extent, it leaves 
the stomach, and enters the intestines, where it is soon after 
mixed with the bile. It is also continually mixed with the 
intestinal secretion, a fluid which is viscid, alkaline, and contains 
no albumen. It possesses, however, both tho power of the saliva 
to dissolve starch as sugar, and that of tho gastric juice to 
dissolve sanguigenous matter, and it evidently contributes to the 
completion of the digestion of the starch anl albumen, &c., of 
the food. The bile, as has been proved, is nearly all reabsorbed 
in its passage through the intestines, and the pancreatic juice, 
which also mixes with the food, has been said by liernaid to be 
the agent of the solution of fat or oil, which it is said to convert 
into an emulsion, capable of entering the absorbents. It is 
certain that the pancreatic juice can iosolve neutral fat oils into 
glycerine and fatty acids, and that this action is prevented by 
the gastric juice, and favoured by bile. Hut the latest researches 
tend to prove that the means by which fat is absorbed are not 
yet known, although the bile and pancreatic juice, especially the 
bile, in some way contribute to it. Oil is not absorbed by 
diffusion or endosraosis, nor are the fatty acids, when separated ; 
and the absorbed fat is neutral. Whatever he the means, the fat, 
if not exceeding a certain amount, is certainly absorbed, and 
thus, w r hen tho food has passed through the stomach and 
intestines, all the starch, albumen, &c., and fat, has been taken 
up, as well as nearly tho whole of the bile. The insoluble 
residue, or traces, consists of woody fibre, a little colouring 
matter, supposed to como from bile, and the insoluble earthy 
salts of tho food, as well as of the effete tissues, while tho soluble 
salts, entering the circulation, are expelled in the urine. 

The librine and caseine of the food appear in the dissolved 
food, or ohylo, almost entirely as albumen, along with the 
albumen of the food ; and it would seem that albumen, in the 
blood, as in the egg, is the true source of the tissues. Chyle 
contains very little iibrine, and blood only about 1 or 2 parts 
in 1000, and there is reason to think that fibrine is rather, in 
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the blood, a product of the destruction of the tissues, than a 
substance from which they are formed. The chyle, along with 
the lymph, is mixed with the blood and passes through the 
lungs, where it probably acquires its colour. Tho red corpuscles 
of the blood are nucleated cells, or rather the nuclei of such 
cells, which abound, in a colourless form, in lymph, and are even 
found without colour in tho blood, especially in a diseased 
state. The blood is the most complex of all fluids, containing 
not only the food of all tho tissues, but the products of their 
oxidation. For in the lungs the venous blood takes up oxygen, 
and gives out carbonic acid. It then goes, as arterial blood, to 
the heart, whence it is sent to every part of the body, carrying 
with it the oxygen, which it gradually exchanges for carbonic 
acid, formed by the oxidation of the tissues, but, as tho products 
of oxidation are constantly removed from it by the excretory 
and secretory organs, they are always in small proportion. In 
this brief sketch wo have not alluded to the presence of glucose 
in the blood and liver, because the subject is still but little under- 
stojd. But under the blood we have mentioned that the glucose 
is transformed into lactic acid, which is oxidised and burnt otf in 
the blood. 

Let us now endeavour to follow some of the changes, first in 
digestion, and then in the circulation. The reader will bear in 
mind that 


Vegetable albumen, 
and vegetable 
tibviue 


} 


are isomeric 
with 


f Albumen of blood 
< Albumen of flesh 
(_ Fi brine of flesh 


] all being Caio 
> Nsu Sa Ultiu 

J Oos. 


Consequently, when vegetable albumen and iibrine are digested 
into animal albumen, we may call it an isomeric transmutation. 
But when caseine, which is Cass Nao Sa Haas Ow> , is digested, it 
yields albumen and ckondriue. Thus : 


1 eq. Caseiuo 
+ 10 eqs. Water 


j-inay yield j 


1 eq. Blood albumen 
1 ,, Choudrine C;a N» Hae Cha 


Thus all tho sanguigenous vegetable food is converted into 
albumen. This albumen, if employed to form muscular fibre, 
has only to ho again converted into the isomeric Iibrine of flesh. 
But if albumen is to yield the fibrino of blood, tho change may 
bo as follows : 


2 eqs. Albumen 1 

+ 2 ,, Water J 


1 eq. Blood fibrine Cat* N*o SsHsss 0»a 
-f- 1 ,, Choleic acid Cha N S*His On 
+ 1 ,, Gelatine C*» Nia H«u Oaa 


Here we see tho blood-fibrine, which is most probably a pro- 
duct of the destruction of albumen or of, iibrine of flesh, is 
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produced along with gelatine and one of the aoids of bile. Another 
similar change, yielding the other acid of bile, may be 

j- 1 eq. Blood fibriue 

2 oqs. Albumen \ 4 + 1 eq. Cholic acid Cos N H 43 Ow 

-f 6 eqs. Water j + 1 eq. Gelatine 

+ 2 eqs. Sulphuric acid. 

Wo may suppose these two processes to bo joined ; and then 
4 eqs. of albumen with 8 of water, will yield 2 eqs. of blood- 
fibrine, 2 of gelatine, 1 of choleic acid, 1 of cholic acid, and 2 of 
sulphuric acid. Indeed, blood-fibrino, or hematofibrinc, is pro- 
bably only formed in consequence of the production of gelatine 
and bile, and it may bo regarded as albumen, half converted into 
gelatine and bile ; for we have seen it formed with gelatine and 
choleic acid from albumen and water, and 

1 cq. Hematofibrinc \ f 3 eqs. Gelatine 

+ 18 eqs. Water J \ -+• 1 eq. Choleic acid. 

Consequently, whenever gelatine and bilo have been formed, 

hcmatolibrine is to be looked for. Wo see, then, first, that 
when a young animal is fed on caseine (milk), the formation of 
albumen, necessary for the tissues, is accompanied by that of 
chondrine, the substance of which cartilages and the soft part 
of bones are formed ; secondly, that when gelatine, the matter 
required for membranes, is formed from albumen, we obtain 
along with it the acids of bile, essential for another purpose. 

If chondrine be required from albumen, it may be obtained as 
follows : 

1 oq. Albumen f 2 eqa. Sulphuric acid 1 oq. Uomatofibrino'l 2 uqs. Gelatine 
I derived from al- 

bunion, asabovo. • 

+ Water I -f 3 ©q». Chondrine or 4- 4 Water l +1 oq. Chondrine 

4-26 Oxygen \ 4 20 Oxygon ) 4-1 eq. Choleic aci< 

4-1 °q- Uric acid 

1 oq. Homato-\ f 1 eq. Albumen loo. Hcmatn-1 f 1 oq. Chondrine 

, , fibrino I I fibriue ! 

+ 4 Water [ > +1 eq. Chondrine or 4-14 Water 4. 1 cq. Clioloic acid 

•flO Oxygon ) { 4-1 oq. Uric acid 4*66 Oxygen J . 4. 2 eq. Cholic acid 

4- 1 cq. Urio acid 
4-12 eqs. Urea 
„ 4-36 eqs. Carbonic acid 

Here we find that every one of the above changes is one of 
oxidation, and that, as it proceeds farther, we come to the con- 
stituents of the urine, and to carbonic acid. This, then, is the 
characteristic feature of the changes in the animal body. As 
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long as albumen is to be formed, and even, to a certain extent, 
in the formation of gelatine and chondrine, these three bodies 
being the chief materials of the tissues, the addition of water 
alone suffices ; but when oxygen comes into play, the changes 
strike deeper, and we obtain the constituents of bile and of 
urino, as well as carbonic acid, to be excreted by tho lungs. 
When gelatine and chondrine have formed part of tissues, they, 
like albumen, becomo effete, and must be decomposed and 
removed. Wo have then: 


1 eq. Chondrine') f 1 oq. Cholic acid 1 eq. Gelatine') / 1 eq. Cholic acid 

probably by a 4-2 eqs. Uric acid and + 10 eqs. Water >=. ] 4- 3 eqs. Uric acid 
tcrinentatiou ) (.4-8 „ Water ) (4-12,, Water 

And wo may also have, with albumen, 

6 eqs. Choleic acid. 

J 4- 2 ,, Cholic acid, 

| +12 ,, Urea. 

tvv ,, L+ 3 G „ Carbonic acid. 

There are certainly many intermediate stages, but of these little 
is known. One, however, may be mentioned as probable, namely, 
the production from gelatine of kreatine, hippuric acid, water, 
and carbonic acid. Thus, 

3 oqs. Kreatine f excreted in the 

+ 2 ,, Hippuric acid [urine. 

+ 12 ,, Water, excreted by lungs and 
kidneys. 

+ 22 ,, Carbonic acid, excreted by lungs. 


1 eq. Gelatine 1 
+ 58 oqs. Oxygen. J 


Again, choleic acid fully oxidised will yield as follows : — 

f 1 oq. Ammonia 

1 eq. Choleic acid 11 + ‘2 eqs. Sulphuric acid 1 all ultimate products 
+ 141 eqs. Oxygon 1 ~ ] -K* 2 „ Carbonic acid j of oxidation, 

J v+42 „ Water. J 


Cholic acid, which contains no sulphur, will yield 


1 eq. Cholic acid 
+ 122 eqs. Oxygen. 



1 eq. Ammonia. 

4-52 eqs. Carbonic acid. 
4-40 ,, Water. 


When urio acid is produood, in warm-blooded animals, but a 
small part of it reaches the urine ; because, from their structure, 
only soluble compounds oan bo excreted through the kidneys, 
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ureters, bladder, and urethra, The uric acid is therefore further 
oxidised ; and 

leq. Uric acid) 2 oqs. Oxalic add 1 eq.Urie acid ) f 4 cqs. Ammonia 

4-3 eqs. Water V=leq. Urea or 4 8 cqs. Water 4-10 ,, Carbonic acid 

4-2 „ Oxygon ) 1 „ Alliuitoinc -f „ Oxygon,/ ( 2 ,, Urea 

or 4 „ Water 

( 3 ,, Carbonic acicl. 

In this manner the insoluble uric acid is converted, by oxidation, 
into soluble produets. Oxalio acid is obviously the result of 
imperfect oxidation, and meeting with lime in the bladder, forms 
the oxalate of lime or mulberry calculus. Allan toine, also a 
product of imperfect oxidation, is found in the allantoic fluid, 
the urine of the fetal animal, and in that of very young animals. 
With full oxidation of the uric acid, only urea, water and 
carbonic acid, or ammonia and carbonic acid, are formed. The 
ammonia, if in excess, throws down earthy phosphates in the 
bladder, and thus gives rise to the phosphatic calculi. The uric 
acid calculi, the commonest of all, depend on the deficiency of 
oxygen, or what is the same thing, excess of sanguigenous, and 
particularly of gelatinous food, as well as on sedentary habits, 
which diminish the amount of inspired air ; and lastly, on defi- 
ciency of alkalies, the presence of which is necessary to promote 
the oxidation of the uric acid. 

In the changes we have thus briefly described, by which the 
tissues are wasted, the nitrogen of these tissues takes ultimately 
the form of urea, and thus the quantity of urea secreted in a 
certain time is a measure of the amount of change or waste of 
matter in the system. An adult man secretes, on an average, 
about 4flij grains of urea, or rather more than 1 ounce avoirdupois 
in 24 hours. The quantity of uric acid in normal urine is so small 
in comparison, that it hardly amounts to of the weight of the 
urea, and may therefore be neglected. 

It has been proposed to obsorvo and reoord the daily secretion of 
urea in health and disease, as an important fact in physiology and 
pathology, and for this purpose various methods have been pro- 
posed for determining the percentage of urea in urine directly and 
quickly. Perhaps the best is that of Liebig, which is founded on 
the fact, that urea forms with peroxide of mercury a white com- 
pound, insoluble in water, lie employs a neutral and diluted 
solution of pernitrato of mercury, of known strength. This is 
added to a known volume of urine as long as it causes a white 
precipitate. But as the nitric acid set free prevents the complete 
precipitation, the liquid is now neutralised exactly by baryta 
water, and the peraitrate now causes a further white precipitate, 
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These operations are repeated, until at last a yellow xjrecipitate 
begins to appear, which is a proof that all the urea is precipitated. 
The volume of pern it rate employed being known, and previous 
experiments having ascertained how much urea is precipitated by 
100 volumes of it, it is easy to calculate the urea present in tko 
urine under examination. 

Another form of this process is as follows. To the urino is added 
half its volume of a mixture of equal parts of the saturated cold 
solutions of hydrate of baryta and nitrate of baryta, which pre- 
cipitates tho whole of the sulphuric and phosphoric acids present. 
To the filtered liquid tho neutral and diluted solution of pernitrate 
of mercury of known strength is added by degrees until a 
drop of the liquid, tested with carbonate of soda, gives a yellow 
precipitate, which shows that a slight excess of pernitrato has 
been added* 

In either case if any given volume of urine, say 10 cubic inches, 
requires 30 cubic inches of tho normal solution of pernitrate, and 
if we have made this normal solution of such strength that 1 cubio 
inch of it corresponds to 1 grain of urea, then the 30 cubic 
inches employed will indicato 30 grains of urea in the 10 cubio 
inches of urine. 

We have now to attend to the formation of caseine (in milk) 
from albumen or fibrine, isomeric with it, in the animal body. 
This change, like tho others, depends in some degree on 
oxidation. 


2 eqs. Albumen 
+ 4 ,, Water 
+ 0 ,, Oxygen 


1 

J 


may yield -J 


V 


1 cq. Caseine * 

1 ,, Gelatine 
1 ,, Cholic acid 

1 ,, Uric acid 

2 eqs, Sulphuric acid. 


2 cqs. of albumen are necessary to yield one of caseine, because 
the latter compound contains more carbon, hydrogen, nitrogen, 
and oxygen than the former. We have already seen that when 
caseine, in the young animal, yields albumen, it also yields 
chondriue, these being the two substances most necessary for 
the young animal. Here we see that when milk is formed 
iu the mother’s body, it is accompanied by gelatine, cholic 
acid, uric acid, and sulphuric acid, to bo employed in her own 
organism. 

Let us now consider tho albumen of eggs, which differs from 
that of blood, as follows : — 

* On tho supi>ositlon that caseine is as represented on p. 474. But it has 
boon statod, that coseino is possibly tho albuminate of potash. 
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Blood albumen is • . Caia N27 Sa Hi<w 0«« 

Egg albumen is . . . Cain Nsa Ss Him> 0«» 

The difference is 9 eqs. of nitrogen and 1 of sulphur more in egg 
albumen than in blood albumen. In the body of the fowl we may 
suppose that 

( 4 eqs. Carbonic acid 

2 ,, Egg albumen 

3 eqs. of Blood albumen 1 . + 4 ,, Cholic acid 

4* 80 ,, of Oxygen J y ( 1 + 2 ,, Urea 

+ 1 eq. Ammonia 
+ 72 eqs. Water. 

And during incubation, or in the stomach or circulation of an 
animal, 

( 1 eq. Blood albumen 

1 eq. Egg albumen 1 +4 eqs. Urea 

+ 1 ,, Sugar y may yield -j + 1 eq. Ammonia 

+ 10 eqs. Water J + 4 eqs. Carbonic acid 

\ + 3 ,, Water. 

Of course fat and oxygen may supply the place of sugar, since, 
as we shall see, fat is sugar minus oxygen. Now, the yolk of egg 
is rich in fat, and is said also to contain sugar ; while the food of 
animals, in addition to eggs, when they arc used, always contains 
starch, sugar, or fat. And it is quite certain, that all tho tissues 
are formed in the egg from egg albumen and the oil or sugar of 
the yolk, aided by oxygen; as also, that in the animal body, all 
the tissues mrfy be formed, or blood produced, from eggs, especially 
with starch, sugar, or fat. 

We have now considered, as fully as our spaco permits, the 
relations of the sanguigenous compounds to eacli other, and to 
the tissues, and we have seen that these compounds are formed 
in plants, and that in animals they are mutually convertible, 
sometimes by an isomeric transmutation, as when fibrino is 
dissolved into albumen — a process capable of being imitated 
out of the body, and at other times with the aid of water, or 
of water and oxygen. In no case is free oxygen given out, as in 
plants; but the final result is, that the oxygen taken up in the 
lungs is given out as carbonic acid and water. 

W e have not entered into details as to the colouring matter of 
the blood or hematosmo. This is albuminous, and contains iron. 
Hence the use of iron in the food. We do not know its exact 
composition, nor where it is formed. But we do know that 
the purest and whitest blood fibrine also contains iron, and hence 
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possibly one function of this hematofibrine is to yield the material 
for hematosine. 

There remains one more substance, which certainly assists 
mechanically in the formation of tissues, and probably is essential 
to the production of cells and of blood corpuscles. This is fat, 
which we have seen to be non -nitrogenous, and to be formed 
abundantly in the vegetable kingdom. Many kinds of food contain 
fat or oil ready formed, and, as we have seen, it enters the blood 
in some obscure way, to which the bile and probably the pancreatic 
juice contribute. It is never absent from blood. But fat, which 
is not a sanguigenous compound, can also be produced from 
starch and sugar in the animal body. The bee forms wax, a true 
fat, from honey ; and animals abundantly fed with grain, which 
contains only traces of fat, and so situated as to suffer from 
deficiency of oxygen, become rapidly loaded with fat. Thus 
ortolans, when kept in confinement, which reduces their respi- 
ration, and in the dark, which leads them to feed voraciously, by 
a natural instinct, on the admission of light, may thus be led to 
feed many times a day on grain, and rapidly become absolute 
balls of fat. When geese are prevented from moving, and 
crammed with maize or wheat, their livers become so charged 
with fat as finally to be unlit for their proper functions, and 
greatly enlarged. And stall-fed cattle are notoriously much 
fatter than such as have to travel far in search of food, while 
wild animals are almost always lean. 

These facts prove that fat is formed from starch, which first 
becomes sugar, in the animal body. In this particular the 
animal resembles the plant; but in the animal, the oxygen 
separated from sugar to convert it into fat, is not given out, as in 
tho plant. It is cither at once converted into carbonic acid and 
water, or added to the oxygen taken up from tho air, and used 
for the same purposes. Thus wo see, that the power of tho 
animal to deoxidise sugar, which ho employs when oxygen from 
the air is deficient, supplies that deficiency. To illustrate 
this, tho reader must be reminded that fats and fat oils are 
compounds of oxide of glycerylc or oxido of lipyle, Co H* 0*, or 
Cs H 2 0, with fatty or oily acids, chiefly of tho series (On Hn )a , 
0*. Such a neutral fat, consisting of margaric acid and oxide of 
lipyle, is the chief ingredient of human fat, and is called mar- 
garine. If the acid be oleic acid, the fat is called oleine ; if the 
acid be butyric acid, butyrine, and so on. Now every fatty or 
oily acid, as well as oxide of lipyle, may be derived from sugar 
by deoxidation, and in tho case of olcio acid, Csa Hat 0* , and 
oxide of lipylo, Co H* Oa, both of which contain an excess of 
oarbon over hydrogen, by deoxidation and loss of water. Thus, 
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1 eq. Silgft? Cw H in Oi* , losing 4 eqs. of oxygen, yields 2 eqs. propylic 
acid = 2 (Co lla 0*). 

1 ,, Sugar Gi* Ilia Oia , losing 4 eqs. of oxygen and 4 eqs of water, 
yields 2 eqs. oxide of lipylo = 2 (0« II* Oj ). 

3 eqs. Sugar Cse H» Osn , losing 32 eqs. of oxygen, yield 1 eq. stearic 
acid ae= C™ II 0*. 

3 „ Sugar C 3 « Had 0.™ , losing .30 oqs. of oxygen and 2 eqs. of water, 
yield 1 eq. oleic acid= C»o IL* 0*. 

17 ,, Sugar 17 (C12 Hi* 0»a ), losing ISO eqs. of oxygen, yield 6 eqs. 
margaric acid = 6 (Ca* lla* 0* ). 

Tli is table suffices to show tliat all fatty acids of the acetic 
series, such as propylic, margaiio and stearic acids, are derived 
from sugar by simple deoxidation, and that oleic acid and oxide 
of lipyle are derived from sugar by the loss of oxygen and water. 
Let us now take one fat, margarine, which is composed of margaric 
acid and oxide of lipyle. 

Sugar. Margaric aoid. Oxide of lipylo. Oxygon. Wat or. 


17 eqs. yield 

G 


0 


3 ,, yield 


6 

12 

12 

Consequently 20 yield 

0 

0 

192 

12 


6 eq. Margarino. 


that is, G eqs. of margarine, 12 of water, and 192 of oxygen. 

Let us now revert to tho oxidation of albumen ; and we find 
tliat 

. 4 eqs. Oholoic add \ / 4 oqs. Albumen 

4oqn Alburocfa \ +N ,, Cholic acid ! _ j +40 ,, Water 

4-40 ,, Water [=s + 12 „ Urea f 1 +**2 „ Oxygon from tho air 

+•224,, Oxygon | +20,, Carbonic acid ' *+1+-’ Oxygon l 

from the air ) 6 Margarine [ --20cq«.sugnr 

12 Water ) 

Here we see that on the left hand the albumen is oxidised by 
the air alone, but on tho right hand is represented as unable to 
obtain more than 32 eqs. of oxygen, out of 224 that it requires 
from the air, and as procuring tho remainder from 20 eqs. of 
sugar, which, yielding 192 of oxygen, form, at tho same time, 
6 eqs. of margarine or fat, and 12 of water. This proves that 
the formation of fat from sugar in tho animal body, which 
certainly takes place, is a source whence the blood may obtain 
oxygen when respiration is impeded. Were it not for this, an 
animal kept from free motion would soon die from tho accu- 
mulation of unoxidised matters in the blood. Instead of dying, 
the animal lives ; but, if supplied with Btaroh in his food, obtains 
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the oxygen necessary for the change of matter in the vital 
processes from the starch or sugar, and in doing so necessarily 
becomes fat. 

There is another process by which fat may be formed in the 
body, and which does not, like this one, depend on a want of 
oxygen. It is, probably, in this way that the normal fat is 
formed, when there is a full supply of oxygen, and it appears to 
be a species of fermentation, in which the liver seems to be 
somehow concerned, and hydrogen gas is given off, which of 
course is immediately oxidised into water in the body. Calf’s 
liver, when placed in water, gives off hydrogen by a species of 
fermentation, and fat, the same as occurs in blood, is found at all 
times in bile. The supposed fatty fermentation of sugar actually 
occurs out of the body, as in the butyric fermentation, butyric 
acid being a true fatty acid, and being found in butter and fat, 
and in tho fermentation of starch sugar, whero rutylic and 
margario acids, of the same series, are produced, and are found, 
along with hydrated oxide of ainyle, in the oil of grain or potato 
spirit. 

Tho following table will show the derivation of fatty acids 
from sugar by fermentation. It will bo seen that acetic acid, 
which, although belonging to this series, is not oily, may be 
formed from sugar by a polymeric transmutation, but that all 
the rest are obtained by the separation of oarbonio acid and 
hydrogen, always in equal proportions. Most of tho acids re- 
quire so much sugar as will yield 3 eqs. of acid, and therefore 
we represent all as formed in that quantity; hut, obviously, 
where the number of the equivalents of sugar is divisible by 3, 
we may trace the formation of 1 eq. of acid. 


Acids. 

Narao. Formula. 

Eqs. of 
Sugar 
yield. 

Eqs. of 
Acid. 

Eqs. of 
Carbonic 
Acid. 

Eqs of 
Hydrogen. 

Acetic . . . 

Ch H* 04 

1 

3 

0 

0 

Propylic . 

Co He O-t 

2 

3 

8 

0 

Butyric . . 

Cs He 04 

3 

3 

12 

12 

Valerianic 

Cu> Hio O 4 

4 

3 

18 

18 

Caproie . . 

Ci a Ilia O 4 

5 

3 

24 

24 

(Enaothylio 

Cl 4 Hl4 04 

6 

3 

30 

30 

Caprylic . . 

Cm Hie 0* 

7 

3 

30 

36 

Pelargonie 

Cis Hie O 4 

8 

3 

42 

42 

Rutylic or rutic 

C 20 H 20 O 4 

9 

3 

48 

48 

Margaritic 

Caa H 22 O 4 

10 

3 

54 

54 

Laurostearic 

Cs4 H 24 0* 

u 

3 

60 

60 

Cocinio 

Cao H 2 e O 4 

12 

3 

60 

60 

Myristic . . 

Ca« Hu 04 

13 

3 

72 

72 
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Name. 

Acids. 

Formula. 

Eqs. ?f 
Sugsir 
yield. 

Eqs. of 
Acid. 

Eqs. of 
Carbonic 
Add. 

Eqs. of 
Ilydroger 

Boric 

. Cso Hao 0* 

14 

3 

78 

78 

Palmitic 

• Cs» Has 0 * 

15 

3 

84 

84 

Margario . 

« Cs* Ha* Oi 

16 

3 

90 

90 

Stearic 

. . Cao llao 0* 

17 

3 

96 

96 

Balenic 

• C/38 lb 5 0* 

13 

3 

102 

102 

Araehidic 

, . C*o H*o 0* 

19 

3 

108 

108 

Behenic . 

. C 42 11*2 0* 

20 

3 

114 

114 

Cerotic 

. . C 54 Hsi 0* 

26 

3 

150 

150 

Melissic . 

. CouHaoO* 

29 

3 

168 

168 


It will be floen that 1 cq. of each of the acids — butyric, cenan- 
tbylic, rutylic, cocinio, palmitic, and haleuic acids — might be 
derived from 1, 2, 3, 4, 5, G, and 9 eqs. of sugar respectively. 
Also, that the numbor of cqs. of sugar required to yield 3 eqs. 
of any acid is always exactly 1 less than half that of the eqs. of 
carbon in tho aoid. The derivation of oxide of lipylo and of 
oleic acid, both of which contain more carbon than hydrogen, 
from sugar by fermentation is probably not so simple as that of 
the volatile oily acids ; but it can hardly bo doubted that they 
may bo thus formed, as they aro abundant in many animal fats. 

We conclude, therefore, that tho origin of fat in the animal 
body is threefold. First, it is derived, ready formed, from 
plants : secondly, it is formed, in the abscnco of oxygon, or when 
oxygen is deficient, by the deoxidation of sugar, which thus 
supplies the oxygen wanted; and thirdly, it is also formed by 
a spocies of fermentation, along with carbonic acid and hydro- 
gen, the latter being converted into water by the oxygen of tho 
blood. 

With reference to the tissues, fat is of great importance, as it 
seems to aid in tho formation of cells, and it exists, accordingly, 
like water in a wet sponge, mechanically in the substance of 
most tissues, from which it may ho pressed out. It has an 
important share in producing nervous matter ; hut perhaps its 
chief function is to aid in yielding tho animal heat by its oxida- 
tion in tho course of the circulation. To this we shall return 
hereafter. 

Let us now briefly consider the process of respiration. The 
venous blood, loaded with the carbonic aoid which it has brought 
from the remotest capillaries, where every ohango leads finally 
to the formation of carbonic acid, is sent to the lungs, and in the 
pulmonary cells exposed to tho action of inspired air, separated 
from it by a membrane of extreme tenuity. Here the laws of 
diffusion of gases, in contact with an absorbent liquid, coma into 
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play. The blood gives off carbonic acid, and takes up hydrogen 
in its stead. The separation of the carbonic acid from the 
venous blood, which is absolutely essential to life, cannot take 
place in an atmosphere containing much carbonic acid. Hence, 
if the inspired air contain 10 per cent., or upwards, of carbonic 
acid, and only 10 per cent, of oxygen, the blood does not get rid 
of its carbonic acid, and death ensues. This happens when 
animals are forced to breathe the same air for a long time, 
becauso every respiration adds to the carbonio acid and dimi- 
nishes the oxygen. Even with 1 per cent, of carbonic acid, and 
19 or 20 per cent, of oxygen, oppression is felt. But if, while 
carbonic acid be added, oxygen be also added, the air will still 
admit of the diffusion of carbonio acid from the blood. It has 
been shown that animals can live in air containing from 17 to 23 
per cent, of carbonic acid, provided it contain 35 or 40 per cent, 
of oxygen ; so that the poisonous action of carbonio acid depends 
on its preventing the diffusion outwards of the carbonic acid of 
tho blood. Hence the importance of ventilation. The air in a 
crowded, ill-ventilated room, soon becomes unfit for diffusion, 
because, while the oxygen is diminished, the carbonic acid is 
increased. The expired air, with normal respiration, instead of 
at most ^tath of carbonic acid, the quantity in tho atmosphere, 
contains 3-5 to 5 per cent. ; that is, from 35 to 50 times as much 
as tho air inspired. With very deep respiration, the carbonic 
acid in expired air increases to 85 or 90 times that of the inspired 
air. The oxygen in the former case is diminished from 20 to 15 
or 16J per cent.; in the latter, to 11 or 11^ per cent. In the 
blood, these two changes balance each other, for it absorbs 
oxygen, and gives out carbonic acid nearly, but not quite, in the 
same volume, a part of tho oxygen absorbed being converted 
into water. The blood has the very remarkable property of 
absorbing both oxygen and carbonic acid, the former by means 
not yet fully understood, the latter by tho presenoe of alkaline 
salts, which means enablo it to absorb far more of both gases 
than an equal bulk of water could do. Blood oan absorb 13 or 
14 times more oxygen than water. Whichever be tho gas pre- 
sent in largest quantity, is readily given out in an air containing 
little of that gas, but is not given out in an air in which much of 
the gas is present. Tho density or rarity of air is a matter of 
far less consequence, than that it should contain little carbonio 
aoid, in order to allow the venous blood to give off its carbonio 
acid. When it can do so, it takes up oxygen, and becomes 
arterial, and is then sent to the left auricle, and, entering the left 
ventricle, is sent to carry its oxygen to all parts, and exohange it 
for carbonio aoid, probably produced by previous supplies of oxygen, 

pp 2 
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Yerdeil has recently discovered, in the parenchyma of the lungs, 
a peculiar aoid, which he has named pneumic acid. The acid 
liquid obtained by chopping the lungs small and mixing them 
with distilled water, is strained, and coagulated by heat, to 
separate albumen. It is then neutralised with baryta water, and 
evaporated to j of its bulk in the water bath. Sulphate of copper 
is now added to separate the last traces of albumen, with fatty 
matter, &c., and any excess of the sulphate is preoipitated by a 
little sulphuret of barium, Tho filtered solution is now evaporated 
till crystals of sulphate of soda appear, a little diluted sulphuric 
acid is added, and the whole is boiled with absolute alcohol, which 
dissolves tho pneumic acid, leaving the sulphate of soda undis- 
solved. 

The new acid crystallises from alcohol in brilliant needles, 
forming radiate groups. At 212® it loses no water. Heated 
more strongly, it melts, and is decomposed. It is very soluble in 
water, insoluble in cold, but soluble in boiling alcohol, insoluble 
in ether. It forms crystalline salts with bases, and expels car- 
bonic acid from the carbonates. 

Its precise formula is not known, but it is said to contain carbon, 
hydrogen, nitrogen, sulphur and oxygon. 

The function of pneumic aoid is as yet unknown, hut, like lactic 
acid, it probably exists in the blood or tissue combined with some 
base. 

The way in which the oxygen and carbonic acid are absorbed 
by tho blood, and yet so easily given off when wanted, may be 
illustrated by other chemical changes. From the change in 
colour of the blood-corpuscles, they are probably the substance 
to which the oxygen is attached, when absorbed. If an engrav- 
ing be exposed to the vapour or gas of iodine, the ink will tako 
up iodine, in proportion to its thickness ; and if the engraving 
be now pressed on paper covered with starch and moistened 
by an acid, a blue impression is obtained. Here the iodine 
leaves tho ink for the starch. If the blue impression be now 
placed in contact with silver or oopper, the iodine leaves the 
starch for the metal, and if the silver or copper plate be now 
exposed to the vapour or gas of meroury, the mercury will 
attach itself to the parts not acted on by the iodine, as in the 
daguerreotype, and produce a daguerreotype oopy of the 
engraving without the aid of light. Now we may suppose the 
blood-corpuscles to take up oxygon, to yield that oxygen to 
the effete tissues, oxidising them, and then to take up the 
carbonio aoid, and convey it to the lungs, where it is given off 
by diffusion. An animal dies instantly in pure oarbonio aoid, 
because in that gas no diffusion of carbonio aoid can take place ; 
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but it lives for a time in hydrogen, because in that gas the 
carbonic acid can leave the venous blood, and the oxygon already 
in the lungs can support for a time the vital process. 

Wo see, then, that the arterial blood conveys oxygen to all 
parts of the system, and that this oxygen is given out by the 
venous blood as carbonic acid, and as water by the lungs, skin, 
and kidneys. This oxidation of carbon and hydrogen not only 
carries on the vital chemical changes, but also yields the animal 
heat, which is therefore produced not in the lungs, but every- 
where, chiefiy in the capillaries. Now a working man consumes 
nearly 14 oz. of carbon, and produces about 25 cubic feet of 
carbonic acid in 24 hours, containing about 37 oz. of oxygen. 
The quantity of water produced is also ascertained, for all the 
oxygen is not converted into carbonic acid. And if we calculate 
the amount of oxygen consumed in 24 hours, and knowing how 
much of it becomes carbonic acid, consider the remainder as 
forming water ; we can then deduce, from the known amount of 
heat given out in the conversion of so muoh oxygen into carbonio 
acid and water by combustion, the amount of heat which ought 
to bo given out in the slow oxidation of carbon and hydrogen in 
the body, which is the same as in combustion, only spread over 
a longer period. This calculation is found to agree closely with 
the amount of animal heat, as directly observed, and therefore 
wo are satisfied that the animal heat is entirely due to the 
chemical changes, all depending on oxidation, which go on in 
the body. It is evident that the animal boat is promoted by 
everything that increases the supply of oxygen, as increased 
respiration, or cold, which, rendering the air denser, supplies its 
own antidote, within certain limits, provided the food be abun- 
dant ; and that clothing, which prevents loss of heat by cooling, 
renders a less amount of. oxygen and of food neoessary. Hot 
weather, or a hot climate, has the same effect, and reduces the 
appetite for food, which is the fuel to be burned in the animal 
furnace to produce heat. In cold climates, much more food, and 
especially more respiratory food, such as fat, oil, blubber, and the 
like, is instinctively consumed. 

It is obvious also, that since carbon and hydrogen are the 
chief sources of animal heat in their oxidation, while nitrogen 
and its compounds are hardly combustible, the chief portion of 
the animal heat must come from the non-nitrogenous food, 
starch, sugar, and fat, honce called respiratory food. Indeed, so 
low is the combustibility of the sanguigenous food, that we may 
say that all the heat comes from the respiratory matter ; for wo 
find the proportion of oarbon to nitrogen in the solid and liquid 
excreta to be as great, or greater, as in albumen, &c. Now, 
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since the whole nitrogen is found in the excreta, it is evident 
that these contain also the whole carbon of the albuminous 
matters, or, at least, a quantity equal to it ; for while the tissues 
contain, for every equivalent of nitrogen, 8 eqs. of carbon, urine 
contains, in man, only about 1*8 or 2 eqs. of carbon for 1 of 
nitrogen. Hore 6 eqs. of carbon have disappeared for every eq. 
of nitrogen. But in the horse, the eqs. of carbon are to those of 
nitrogen in the urine as 6*6 to 1 ; in the cow, as 8, or even as 
16 to 1 ; in the pig, as 10 to 1 ; so that in these latter cases the 
tissues cannot bo supposed to have contributed much, if anything, 
to the animal heat. 

Hence the food of animals should contain a due admixture of 
sanguigenous and respiratory food, the former to supply the 
waste of the tissues, the latter to supply the animal heat. The 
sanguigenous food is albumen, fibrine, or caseinc ; the respira- 
tory, starch, sugar, or fat. The following table, from Liebig’s 
Lotters, to which the reader is referred for full details, shows the 
relative proportions of sanguigenous and respiratory matter in 
various kinds of food, the respiratory food, for the sake of com- 
parison, being calculated as starch. 

TABLE OF THE RELATIVE PROPORTIONS OF THE SANOITIGENOUS 
TO THE RESPIRATORS CONSTITUENTS IN DIFFERENT 
KINDS OF FOOD. 


Cow’s milk contains, for 

Human milk ,, 

Lentils ,, 

Horse beans ,, 

Peas „ 

Fat mutton ,, 

Fat pork „ 

Beef „ 

Hare ,, 

Veal 

Wheat flour „ 
Oatmeal ,, 

Rye floor ,, 

Barley „ 

Potatoes, white „ 
Potatoes, blue ,, 

Rice ,, 

Buckwheat ,, 


Respiratory (as Starch) 

qa J 8 \3 fat, and 

\ 10* 4 milk sugar. 
40 
21 
22 
23 

27 = 11*25 fat 
30 = 12- 5 „ 

17= 7*03 „ 

2 = 0 03 „ 

1 = 0-41 „ 

40 

50 

57 

57 

80 

115 

123 

130 


Sanguigenous 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 


Hot. we see that milk and grain, the two best forms of natural 
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food, contain, for one of sanguigenous, 3 to 5*7 of respiratory 
matter. Pat meat has also 1 to 3 or 1 to 2*7, and agrees with 
peas and beans very nearly. Lean beef, hare, and veal, have 
far too little respiratory matter, only 1*7, 0*2, and 0*1, to 1 of 
plastio or sanguigenous food; while potatoes, rice, and buck- 
wheat, have 8*0, 11*5, 12*3, and 13 of respiratory, for 1 of 
sanguigenous matter. For this reason, respiratory matter should 
be added to lean meat, and also to peas and beans ; but sangui- 
genous matter should be added to potatoes and rice. This 
explains the instinctive and universal use of beans with bacon, 
pork with pease pudding (bacon containing very little sangui- 
genous matter), veal with ham, potatoes and rice with lean meat, 
flour and butter with eggs (which are very rich in albumen). 
The best proportion for a working man is about 5 of respiratory 
for 1 of albuminous food, and for a young animal, 3 or 4 of 
respiratory to one of sanguigenous matter. Those proportions, 
which are those of grain and milk, are easily obtained in the 
mixtures above named. 

When the proportion of respiratory matter is too small, then 
a large amount of sanguigenous matter must be used to supply 
heat, which is a great waste, since such matter is the worst 
source of heat. Thus, to obtain the same amount of heat, wo 
must use : — 

Fat . . . , . .100 parts ; Respiratory food. 

Starch 240 ,, ,, 

Cano sugar ..... 249 ,, ,, 

Grape sugar 263 ,, ,, 

Spirits, at 50 per cent, of alcohol . 266 ,, ,, 

Fresh lean meat . . . . 770 ; Sanguigenous food. 

Alcohol belongs to the , respiratory class ; and, therefore, if 
properly diluted, and used as an addition to sanguigenous food, 
suoh as lean meat, cheese, eggs, or pease and beans, it is useful, 
rather than hurtful. But if added to food already containing 
5, 6, 10, or 15 parts of respiratory, for 1 of sanguigenous matter, 
it is hurtful, as reducing the proportion of the latter still further. 
Now when the food contains too little sanguigenous food, 
enormous quantities of it are required to supply the waste of 
matter. Thus it will take 123 parts of rice to supply as much 
tissue as 33 parts of fat pork, or 125 of blue potatoes to yield as 
much tissue as 27 of lean beef. But the quantity of rice or 
potatoes which may be used is limited by their price, and also by 
their hulk ; for the necessary supply may be too bulky for the 
stomaoh which has to digest it, and of oourse a large amount of 
respiratory matter is wasted in the use of such food. If the 
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peasantry attended, or were taught to attend, to the due 
admixture of their food, they might cause their limited wages to 
go much further than at present. But for details on this subject 
I must again refer to Liebig’s Animal Chemistry, and to the 
third edition of his u Letters on Chemistry.” 

The amount of bodily or mental work done is measured by the 
daily waste of tissues, muscular or nervous, &o., and the daily 
food must contain, if health is to continue, exactly as much 
sanguigenous matter, and in an available form, as will supply the 
doily waste. With less, the body is wasted. With more, the 
blood is loaded with products of change beyond the normal 
standard, and disease ensues, if this go beyond certain limits. 
The respiratory food not only gives the animal heat by its 
oxidation, but protects against oxidation the blood and tissues. 
A full supply of it is equivalent to so much clothing ; and vice 
verstit , warm clothing enables men to do with less respiratory 
food. 

Such is the relation of respiration to digestion and nutrition, 
and it will he seen that they are mutually indispensable. In 
digestion tho food is rendered soluble, and prepared for assimi- 
lation and for oxidation. In respiration the blood is oxidised, 
and carries oxygen to assist in the wasto of tissue everywhere, 
while it gives off the carbonic acid formed by previous changes. 

We have now to consider tho mineral elements of food, and 
the sharo they take in the vital process. All food, capable of 
sustaining animal life, must contain mineral salts. These are 
alkaline and earthy phosphates and sulphates, common salt, and 
oxide of iron, with, in a fow cases, iodides, and in all a minute 
proportion of fluorides. 

The blood, in order to perform its funotions, must be alkaline, 
and it is rendered alkaline either by carbonate of soda or by 
phosphate of soda, F0&, 2 Na 0, HO, or by both. The first 
occurs in her hi v ora ; the second in carnivora, and in animals fed 
on grain, peas, &c., alone; the third in omnivora. It is very 
remarkablo that two salts, so different in composition as carbo- 
nate of soda, Na 0, 0 Qa, and phosphate of soda, 2 Na 0, H 0, 
P0 5 , should yet closely agree in being alkaline, and in their 
aotion on carbonic acid in the blood. They both readily absorb 
it, and as readily give it out in another gas. 

But while the blood, the saliva, the intestinal secretion, tho 
bile, and milk are alkaline, and the panoreatio juice either 
alkaline or neutral, the juice of the muscles, the gastrio juioe, 
and the urine of carnivora and omnivora are acid. Even the 
urine of herbivora, although permanently alkaline, is acid from 
excess of. carbonic acid as it leaves the body, This soon evapo- 



MINERAL ELEMENTS OF FOOD. 


585 


rates, and the urine becomes alkaline from the presence of 
alkaline carbonates. The acidity depends, in the juice of flesh, on 
the presence of phosphate of potash, P Oo, KO, 2 II 0, which is 
an acid salt, and yet is formed in close proximity to the alkaline 
phosphate of soda, the blood and juice of flesh being separated 
only by very fine membranes. An alkaline state of the blood is 
absolutely indispensable to its functions ; acid blood is incon- 
sistent with life. Hence every acid that enters the blood must 
be at once neutralised. And yet it is in closo proximity to, and 
communicates by endosraosis and exosmosis with, an acid liquid, 
the juice of flesh, or gastric juice, or urine, and is constantly 
receiving uric acid and other acids. Vegetable acids, taken in 
the food, are speedily oxidised in the blood into carbonic acid and 
water, and only appear as alkaline carbonates. It would appear 
that the formation of tissues cannot go on without the presence 
of free phosphoric acid, or at least acid phosphates, while their 
destruction demands the presenco of free alkali, which we know 
to be favourable to oxidation. Thus, in the egg, the phosphoric 
acid is in great excess. As the lymph and chyle are also alka- 
line, the formation of the blood itself appears to depend on the 
presence of excess of alkali. The flesh of all animals is the same 
in respect to mineral matter ; but the blood, and of course the 
urine, of the herbivora contains less phosphates and more 
carbonates. 

The ashes of the food are either phosphates and sulphates 
alone, as in flesh, grain, peas, &c., or phosphates, sulphates, 
silicates, and carbonates, as in grass and green vegetables. 
They are partly soluble in water, partly insoluble. Now, in the 
body, the soluble parts of the ash are found in the urine, the 
insoluble in the solid excreta. When the phosphoric acid is not 
present in sufficient quantity to unite with all the bases, it forms 
insolublo salts with lime and magnesia, while the alkalies appear 
as sulphates and carbonates. But where moro phosphoric acid 
is present, the insoluble salts are, as before, phosphates and sili- 
cates of lime, magnesia, and oxide of iron, while the soluble 
ones are phosphates and sulphates of the alkalies. Hence, 
knowing the nature of the ashes of the food, we can tell the salts 
of the urine and faeces ; and by altering the food, we can change 
these at pleasure. The uric and hippurio acids formed in the 
ohange of matter, are found, so far as not oxidised, in the urine, 
and the following table shows the composition of the urine with 
food composed of flesh, grain, and leguminous seeds, and also 
with grass, clover, turnips, potatoes, and fruit. The earthy 
phosphates and carbonates, it must be remembered, are soluble 
m excess of acid, 
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With food consisting of Flesh, Bread, 
Peas, Beans, &c., the urine con- 
tains:— 


Free Phosphoric acid 

< Lime, l dissolved by 

Phocph&teaof \ j axooaao f a dd 


Phosphates 

Sulphates 

Urates 

Hippurates 


of the alkalies. 


This unne is permanently acid. 

Acid urine usually contains uric acid. 


With food, such os Hay, Clover, Turnips, 
Potatoes, Fruit, Ac., the urine con- 
tains . — 

Froe Carbonic acid 

Carbonates of ( , l dia "° lvo f 

( Magnesia, j excess ot acid 

Carlx>uatee ) 

Sulphates > of the alkalies, 
Hippurates ) 

Tins urine has a tra^ment acid reac- 
tion, and a pormnnant alkalmo one. 
It contains no phosphoric, and no uric 
! acid. 


Since the soluble salts of the ashes of the blood are the same as 
those of the urine, and since wo can affect the nature of the 
urine by change of diet, we may not only draw conclusions as to 
the soluble salts of the blood from the urine, but also modify 
these by diet. 

Whon we consider tho absolute necessity of phosphoric acid and 
the phosphates, as well as of the other mineral ingredients of food, 
to the vital changes, we see how important it is that tho food 
should contain these in due proportion and admixture. This is 
the reason that iibrine alone will not support life ; that yolk of 
egg, cheese, and similar matters, also fail, when used alone, to 
support life. The fibre of meat is rich in phosphoric acid, but 
has lost the alkalies of the juice : the yolk of egg is still richer in 
phosphorio aoid, but wants the alkali of the white. Cheese is 
also rich in phosphoric acid, but requires the alkalies of the whey, 
and so on. Salt is usoful, both with eggs and cheese, to supply 
soda for the blood and bile ; indeed it is useful with all food, but 
still more with those substances. It appears generally to pro- 
mote the secretions, probably from its adding to the solvent 
powers of water. Meat, boiled to rags, is fibrine, and is only 
nutritious with the soup. Henoe the continental habit, of eating 
the boiled meat after the soup made from it, is rational. All food, 
to be fully nutritive, must contain iron ; and those kinds of 
animal food, which are found by experience to yield less blood, 
are deficient in iron as well as alkalies. Such are milk, eggs, and 
fish, all of which are allowed to form part of the fasting or moagre 
diet of Catholic countries. 

The reader will find, in Liebig’s i( Letters on Chemistry,’ 
numerous analyses of tho ashes of blood, fiesh, milk, cheese, grain, 
fish, eggs, urine, and fsoces, establishing the general principles 
here laid down, and the great importance of the mineral consti- 
tuents. Our spaoe is too limited to allow more than a statement 
of the principle, that phosphorio aoid in excess is required for the 
production of the tissues, and exoess of alkali is required to form 
the blood, and enable it to perform its functions of destroying 
the tissues by oxidation. The blood, indeed, conveys to all parts 
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the materials for the formation of tissues, but as that formation 
requires free phosphorio acid, it probably takes place out of the 
blood. 

We have already stated that food ought to contain a due pro- 
portion of sanguigenous and respiratory matter. In preparing it 
care should be taken to lose nothing of the mineral elements. 
Hence the salting of meat, which expels by exosmosis a great 
part of the juice with its salts, is injurious, unless the salts are 
replaced by a free use of green vegetables, which contain much 
saline matter, sometimes 10, 15, or 20 per cent, of the dried plant, 
or by preserving the juice, boiling it down to get rid of the salt, 
and using it as sauce to the meat, or by adding the soluble 
extract of meat. The system, so common in England, of boiling 
food of any kind in a large quantity of water, which is thrown 
away, is also very bad. Vegetables ought to be stewed, with 
very little water, and the juice eaten with them. Meat ought 
either to bo roasted, stewed, or if boiled, for eating, boiled as 
follows : The meat is thrown into boiling water, and kept at 212° 
for a minute or two ; this coagulates the albumen of the juioe 
near the surface, so as to form a kind of crust or coat. Cold 
water is now added so as to reduce the temperature to 165°, at 
which it is kept till fully dressed in the centre. The crust of 
albumen keeps in the juice, and meat thus boiled is not only 
tender, but has all the flavour and nutritive power of roast meat. 
But if the soup be wanted, then the meat is put on with a little 
cold water, and slowly heated to boiling. The water enters and 
the juice is expelled, before the albumen of the latter is coagu- 
lated ; and after boiling for a little, the best possible soup is 
obtained. 

If, in countries like Australia, Buenos Ayres, and others, whero 
cattle are killed for their hides alone, or for the hide and tallow, 
the flesh were thus exhausted, and the soup, using only about as 
much water as meat, evaporated to a soft extraot, this, the true 
extract of meat or portable soup, would be obtained at a cheap 
rate, and furnish a valuable article of food, 1 part of which is 
equal to nearly 30 of fresh meat. This is to be carefully distin- 
guished from the portable soup in hard gelatinous cakes, which 
consists chiefly of gelatino extracted, by long boiling, from meat 
and bones, and sometimes does not contain even ^th of true 
extraot. Gelatine cannot yield blood, and is worthless as food, 
save perhaps in a very small proportion, to yield membrane. The 
true extract of meat is always soft, and does not gelatinise, and 
would be invaluable for convalescents and wounded soldiers. It 
is slightly deficient, oompared with meat, in phosphorio acid, but 
that is easily supplied by grain or peas. 
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It is hardly necessary to point out the importance of salt as a 
chief source of sodium or soda for the blood and bile. The 
absence of salt is sure to be injurious, and in countries where 
it is scarce, it fetches a price equal to that of gold or silver. 
Animals instinctively take it, and soarch for it, and its effects on 
them, on their general health and all their secretions, are most 
marked. 

Of all food, perhaps good bread, made from the wholo meal of 
wheat, oats, or rye, is the most economical, since nature supplies 
in it the due proportion of sanguigenous, respiratory, and mineral 
matter. But since the librine of Hour is identical with that of 
flesh, and fat corresponds to a certain amount of starch, fat meat 
agrees closely with bread, and has a better proportion of ingro- 
dieuts than peas, beans, and lentils. Hence the doctrine of the 
Vegetarians is founded on a mistaken assumption, that there is a 
radical difference between meat and vegetables. It is certain 
that the structure of man tits him for the use, though not the 
exclusive use, of animal food ; and even the vegetarians do not 
exclude milk, cheese, aud eggs, all of which are of animal origin ; 
the first about equal to meat in sanguigenous value ; the two last 
greatly exceeding it. A man may food as fully, nay more fully, 
and form more blood on a vegetable diet, one of peas for 
example, than on one of Yery fat meat. There is no known 
difference in the power of forming blood, between flesh and 
bread, if the flesh be mixed with sufficient fat or some starch ; 
and there is one reason why flesh should form part of man’s 
food, besides that derived from the structure of his teeth and 
digestive organs, namely, that since the chief use of food is to 
supply the waste of muscle, the best substanoe for this must be 
the muscle of animals. Tlio great error in diet is not that of 
eating flesh, but of eating too much flesh, or too much sangui- 
gonouB matter, whether animal or vegetable. And the only true 
principle of diet is to obtain the necessary amount of sangui- 
genous matter, of respiratory matter, and of mineral salts, no 
matter from what sources. In applying this rule to man, a 
mixed animal and vegetable diet is obviously the best ; both as 
being in tho end most economical, because flesh is nearest of all 
to what it has to supply ; aud because, although fat can replaoe 
the starch of vegetables as a source of heat, the ashes of vege- 
tables yield a more abundant supply of alkalies. The instinct of 
man agrees entirely with this view, and, like all one-sided and 
exclusive ideas, vegetarianism is inconsistent with naturo. Still, 
it is certain thut men can over-eat themselves more easily with 
animal than with vegetable food, and that they can live on 
vegetables alone. But they are not intended, by their structure, 
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to do ho, and even on vegetables may easily live too high, 
especially if milk, cheese, and eggs be added. 

The abuse of fermented liquors is hurtful in two ways ; first, 
by the peculiar stimulus which alcohol, unless much diluted, 
exerts on the nervous system in some way unknown; and, 
secondly, by increasing the proportion of respiratory matter to 
sanguigenous far beyond the proper standard. By virtue of its 
strong attraction for oxygen, alcohol is first oxidised, while the 
food and tissues are imperfectly oxidised, and disease is thus 
induced. If the food already contain a full or large proportion 
of starch or fat, every drop of alcohol is hurtful ; but when the 
food is too rich in sanguigenous matter, wine and beer are 
wholesome. In proof of the fact, that alcohol supplements 
the other respiratory food, it is observed that those who drink 
no wine consume far more bread, vegetables, rice, or puddings, 
than wine drinkers ; and tlio good health enjoyed by the natives 
of wine and beer countries who use these liquors freely but not 
to excess, proves that alcohol is not essentially hurtful, when 
properly diluted, but acts as respiratory food. Those who take 
much fat, butter, or oil, cannot take wine, and feel no desire 
for it. 

If wo wish to fatten an animal, its food ought to contain 
a large proportion of respiratory food, the excess of which, 
beyond what is required for the animal heat, is converted into 
fat, and stored up in cells. But as sanguigenous matter is 
required for the change of the tissues and also to form the fat 
cells, an animal cannot be fattened, nor even live, on starch 
alone. 

Wc havo now seen that the food is digested, enters the circula- 
tion, restores the wasted tissues, and supplies during its oxidation 
the secretions, the excretions, and the animal heat. It is, in other 
words, burned in tho body, as in tho furnace. The products of 
the complete combustion of the respiratory food, namely, carbonic 
acid, water, and ammonia, escape by the lungs and kidneys. The 
products of incomplete combustion chiefly derived from sangui- 
genous food are partly found in tho bilo, partly in the urine and 
fteces, where they represent the soot of the furnace, and in fact 
are, to a great extent, identical with some of the compounds 
found in tar, which is liquid soot. Carbolio acid, for example, is 
found both in urine and in tar ; and urine also contains another 
acid, homologous with oarbolic acid. The ashos are divided by 
water into the soluble, which appear in the urine, and the insolu- 
ble, which are found in the fceces, along with indigestible woody 
fibre, undigested starch, fetid produots, which can be imitated 
by the partial oxidation of albuminous matter out of the body ; 
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and, lastly, tarry produota, originating in the same way. The 
ashes of the liquid and solid excreta are identical with those of 
the food, if that be uniform, but change with the diet. 

So long as the vital force prevails, the oxidation in the body 
affects only the respiratory food and the effete or worn-out 
tissues. It produces, however, as it advances, products which 
no longer obey the vital force, and, yielding to physical forces, 
crystallise. And these, such as hippuric acid, kreatine, uric acid, 
and urea, are destined to be excreted, After death, the oxygen 
of the air, no longer opposed by the vital force, attacks the blood 
and tissues. The first effect is a degree of decay, and by contact 
of the decaying albuminous matter, now a ferment, with the 
entire albuminous compounds remaining, these putrify, and arc 
finally, by the process of decay and putrefaction, resolved into 
the organic food of plants, carbonic acid, water, ammonia, and 
sulphuric acid, while the ashes are restored to the soil. 

Now the circuit begins again, which we have already traced, 
The plant grows, and from carbonio acid, water, ammonia, 
sulphurio acid, and the mineral salts, forms its tissues and 
products, ready to become the food of a new generation ot 
animals, which at death arc again resolved into food for plants. 
And thus the balance is kept between the animal and vegetable 
kingdoms, the atmosphore, water, and soil, or mineral kingdom, 
supplying the field of contest, and the neoessary media. 

Although, as we have seen, animals can form blood and tissues 
either from albumen, fibrine, or caseine, provided the necessary 
salts be present, and therefore can convert those compounds into 
one another, there is no evidence that they can form either 
albumen, fibrine, or caseine, as tho plant does, from any substance 
not containing one of them. On the contrary, the processes of 
animal life, being processes of oxidisation and destruction, are 
opposed to those of vegetation. The chief vegetable products 
formed by animals are fat, benzoic acid, which is found in the 
urine of herbivora, and oxalic acid. Staroh has lately been de- 
tected in various parts of the body, but its origin is still doubtful. 
Glucose appears to be a normal constituent of the blood in some 
parts, and is probably formed in the body ; there is reason to 
believe that it is produced by the decomposition of albuminous 
matter. But all of these may be formed by oxidation or by 
fermentation. Plants arc characterised chemically by construction 
of complex molecules and deoxidation, animals by destruction of 
complex molecules and oxidation, and the products of eaoh form 
of life are the food of the other. 

The food of carnivora, being identical with their blood and 
muscle, tho digestive apparatus is in them very simple ; and the 
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fooces, consisting chiefly of insoluble phosphates, much less bulky 
than in herbivora. The respiratory part of their food is fat, 
present even in lean flesh. But as it is often deficient in quantity, 
they are compelled to burn a portion of sajiguigenous matter for 
heat, a wasteful expenditure of force. This is done by muscular 
motion, which rapidly wastes the tissues. Hence the restless- 
ness and constant activity of carnivorous animals, even in 
confinement. 

The remarkable fact already noticed, of the existence in all 
parts of the body of an alkaline liquid, the blood, and an acid 
liquid, the juice of flesh, separated by a very thin membrane, 
and in contact with muscles and nerve, seems to have some 
relation to the fact now established of the existence of electric 
currents in the body, and particularly to those which occur 
when muscles contract. The animal body may be regarded as a 
galvanic engine for the production of mechanical force. This 
force is derived from the food, and with the food has been derived, 
as we have seen, from the solar rays. A working man, it has 
been calculated, produces in 24 hours an amount of heating or 
thermal effect equal to raising nearly 14 millions of lbs. to the 
height of 1 foot, heat being one form of mechanical effect. But, 
from causes connected with the range of temperature, he can only 
produce, in the form of aotual work done, about as much mocha- 
nical effect as would raise 3,600,000 lbs. to the height of 1 foot, 
and that in 24 hours. Even this is a prodigious amount of force, 
and whether we regard it as derived from heat, electricity, or 
chemical action, it is ultimately derived from the luminous solar 
rays, on which vegetation depends. 

Our spaco will not permit us to enter into detail on the 
chemical nature of the causes of disease, which are still very 
imperfectly understood. But some things are evident. Thus, if 
the digestion be so far impaired, by any cause, as not to dissolve 
the necessary amount of respiratory matter, the tissues, no longer 
protected, are wasted by oxidation, and the products of this, such 
as uric acid, load the urine, as is seen in all febrile diseases. If 
this state continues, the lungs, where oxygen is absorbed, become 
affeoted. "When oxygen is deficient, combustible matter accu- 
mulates in the blood beyond the due proportion, and tho liver is 
called on to work beyond its powers, in secreting bile or forming 
fat, and hepatio disease ensues, as we soo in hot climates, when 
people indulge in full feeding, and respiration is languid. Should 
the food be too abundant and too rich in sanguigenous matter 
this amounts to a deficiency of oxygen ; and, if, at the same 
time, there be a deficiency of alkali, necessary to promote the 
oxidation of effete matter in the blood, we have the urio acid 
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diathesis, or with a little more oxygen, the oxalic acid diathesis. 
Gelatinous food, which cannot form blood, and is deficient in 
alkali, and strong wines which oontain no tartar, greatly promote 
this diathesis ; light wines, which contain tartar, vegetables which 
are rich in alkali, exercise in the open air, and moderation in 
sangnigenous diet, ore the best remedies. On the Rhine, where 
light wines are freely used, urio aoid calculus is unknown as a 
native disease, but with drinkers of port and sherry, this 
calculus, as well as its concomitant gout, arc very frequent. A 
change of diet and mode of life, on the principles we havo 
endeavoured to explain, will alter entirely the character of tho 
urine, and of course of the blood. Henco the supreme value of 
diet and regimen as means of cure, acknowledged by all expe- 
rienced physicians. It is probably in this direction, in the study 
of the secretions, and the moans of changing their nature, 
that wo may hopo for the greatest practical improvement in 
medicine. 

One question is still very obscure, namely, how that portion of 
insoluble phosphate which is derived from the effete tissues 
reaches tho intestinal canal. The earthy phosphates are insoluble 
in water and alkaline solutions ; hence they arc insoluble in the 
blood. But yet they are conveyed, probably in some form of 
combination soluble in water, to the intestines. They are soluble 
in excess of phosphoric or carbonic acid ; but the blood is never 
acid. But ns the soluble forms of sanguigenous matter contain 
earthy phosphates, so it is possible that when such matter is 
destroyed, some of tho products contain these phosphates in a 
soluble form. Suoh products, however, are still unknown. 
Morbid ossification probably depends on the absenco or defi- 
ciency of such products ; and mollities ossium , in all probability, 
is caused by a morbid excess of phosphoric acid in some part. 
In chlorosis, the number of red blood globules is diminished, 
and as these contain much iron, the disease is connected with a 
defoct in the quantity of iron in the food, or perhaps with a want 
of its proper solvent. This explains the benefit derived from 
the use of iron, under which the red globules raxndly increase in 
number in many cases. In all acute febrile diseases, and in all 
chronic diseases, which affect the digestive or nutritive powors, 
emaciation occurs, because the oxygen of the air, no longer 
opposed, bums off the tissues and wastes them. This explains the 
good effects of cod-liver oil, and other oily matters, suoh as olive 
oil, butter, and cream, in many chronic wasting diseases: it proteots 
the tissues till the disease has run its course, if curable, and retards 
ktal termination when the disease is incurable ; provided 
the stomach have still the power of taking up the oil. The 
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absence of salt deranges the whole vital process, and particularly 
the secretion of bile, which requires soda, that is, oxido of 
sodium. But salt certainly acts as salt, and has, for example, a 
wonderful power of combining with other substances, such as 
sugar and urea, with both of which it forms soluble crystalline 
compounds. Jt is hardly ncoessary to mention that, if alkali, 
instead of free acid, should prevail in the urine — for healthy 
urine is always acid — the earthy phosphates are thrown down, 
and give rise to phosphatic calculus. 

When children are injudiciously fed on diet composed chiefly 
of starch, such as sago, arrow-root, and the like, there occurs 
a great deficiency of blood and of bone- forming matter; fat 
accumulates, but the frame is weak and ricketty, from small 
muscles and soft bones. Children ought to have a full supply of 
sanguigenous food, and even bread contains too little for them ; 
milk or flesh should be added. But whether fed on bread and 
milk, or meat and broad, there is apt to occur a deficiency of* 
phosphate of lime, from the rapid formation of bone. But as 
meat, eggs, and milk, contain an excess of phosphoric, that is 
not enough of lime to convert the whole acid into phosphate of 
lime, P Os, 3 Ca 0, lime is a good addition to the food of young 
children. It may be given in the form of lime-water, which the 
peasants of Germany give to their children with the best results, 
while the children, guided by instinct, greedily take it. 

Since the products of the waste of tissues are sent out of the 
body by the lungs, the skin, the kidnej's, and the intestines, we 
can see how the occurrence of an impediment, in any of these 
quarters, calls into increased action the others. Checked perspi- 
ration causes an accumulation of effete matter in the urine, which 
becomes loaded with products of imperfect oxidation. When, 
from any cause, such a check to perspiration, or to the due 
action of the lungs, this loading of the urine goes very far, it 
begins to deposit a sediment, even in the bladder or kidneys. As 
Prout pointed out, the effect of a purgative in this ease, is greatly 
to increase the action of the intestines, and thus to relieve the 
blood and the urine, the latter acquiring its natural colour, and 
normal composition. 

The use of tea, coffee, and chocolate has become, in somo form, 
to all nations, as a necessary of life. Coffee, tea, and Guarana and 
Paraguay tea, used for the same purposes, all contain caffeine ; 
while chocolate or coooa contains theobromine, a body closely 
allied to caffeine. It would therefore appear, that caffeine has 
a decided action on the system, promoting, in some way, the 
natural vital changes. Under caffeine, we have seen the very 
curious relation existing between caffeine and its derivatives, 
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and urio acid and its derivatives. Besides this, oaffeino closely 
approaches, in composition, to kreatine and glyoooine. We may 
therefore conjectuie that it aids the change going on in some 
parts; that it gives a sense of refreshment and new vigour is 
certain, but we cannot yet trace its action, although it may very 
possibly promote the secretion of bile. One thing is remarkable, 
that no people, after once learning to use tea or coffee, ever gives 
it up ; and that the chief effects of tea, coffee, and chocolate are 
the same, and that tea and coffee contain the same baso, and 
ohoeolate an allied one. They aro also rioli in mineral salts. 

On all of the subjects whioh have boen here so briefly touched 
upon in oonnection with the growth and nutrition of plants and 
animals, much more might be said, whether m reference to 
physiology, to agriculture, or to medioine. But this would be 
out of place in an elementary work, and the reader who wishes 
for more detailed information will find it m the works of Liebig, 
especially m the last editions of his “ Agricultural Chemistry,” 
and of his li Letters on Chemistry,” and in a condensed form, in 
a small work which ho has lately published, under the title of 
“Principles of Agricultural Chemistry.” These works are rich in 
sagacious and comprehensive views on tho most interesting 
questions. But tho reader must remember, that all such views, 
as well as those indicated m the present work, are not to bo 
regarded as ascertained truth, but are only the best conclusions 
we can draw, in the present state of our knowledge, from the 
best-asoertained facts m our possession. Thoy must miallibly be 
modified, and m some cases perhaps refuted, by increasing 
knowledge ; but in that case they will bo replaced by others 
corresponding to the state of knowledge at the time. 
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CONTAINING MATTER WHICH COUIil) NOT BE INTRODUCED IN ITS PROPER 
PLACE IN THE TEXT. 


I. A NEW CLASS OF ALCOHOLS. 

We have already described acroleinc, or the hydrated oxide of 
acryle, Co H* Oa , and acrylic acid, Co II* 0* . As these com- 
pounds have to each other the same relations as aldehyde has to 
acetic acid, it was natural to look for the alcohol of the series. 

Will had shown that oil of mustard is the sulphocyanide of the 
radical allyle, Co Hs , which is isomeric, but not identical with 
propionyle. 

Bcrthelot and De Luca, by studying the action of iodide of 
phosphorus on glycerine (the substance which yields acroleine), 
obtained the compound Ca Hs I, which they called iodised pro- 
pylene. And they further proved that when this iodide is acted 
on by sulphocyanide of potassium, there are formed iodide of 
potassium and oil of mustard, or sulphocyanide of allylo. Oil of 
mustard had already been artificially produced from oil of garlio, 
which is the sulphuret of allyle, but the recent experiments confirm 
Will's view by forming oil of mustard by means of a different 
compound. It is now evident that the radical in the iodised 
propylene of Berthclot and De Luca is identical with the allyle of 
Will and Wertheim. 

Hofmann and Cahours have now succeeded in obtaining not only 
the alcohol of this series, but many other compounds, and have 
shown that there exists a series of alcohols, of which we are about 
to describe one, running parallel to the two series of alcohols 
already known, the methylio and the benzoic series. They have 
named the radioai of the new alcohol acryle, which is somewhat 
unfortunate, as that name was already given to the derived radioai 
of acroleine and acrylio acid, corresponding to aoetyle. It is not 
easy to see why they did uot adopt the name allyle, already given 
to the same radical in oil of mustard and oil of garlio. 

When iodide of allyle (for, to avoid confusing the reader, we 
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shall rotain the old name) is aoted on by oxalate of silver, we 
obtain iodide of silver and oxalate of allyle, Ci« Hio Os = C*Oo, 
2 (Cs Ha 0). This, acted on by ammonia, yields oxamide and 
allylio alcohol, exactly as oxalate of ethyle yields oxamide and 
ethylio alcohol. 

Allylio (or acrylic) alcohol, Co HsO« = Celia 0, H 0, is isomeric 
with acetone and with propylaldehydo, but is quite distinct from 
these two substances. It burns with a luminous flame, and mixes 
with water in all proportions. It has a peculiar pungent odour, 
resembling that of mustard, and this odour characterises, more or 
less, all the compounds of this series. When acted on hy potassium, 
hydrogen is given off, and a transparent gelatinous mass is formed, 
corresponding to the substance formed when potassium acts on 
alcohol. The latter contains potassium, ethyle, and oxygen. 
The new body contains potassium, allyle, and oxygen. When 
this is acted on by iodide of allyle, iodide of potassium is formed, 
and oxide of allyle, or allylic ether, is separated, as a liquid lighter 
than water, and insoluble in it. The action is as follows : 

By distilling allylio alcohol with chloride, bromide or iodide of 
phosphorus, the chloride, bromide, and iodide of allyle are easily 
obtained. With potash and bisulphuret of carbon allylio alcohol 
yields a splendid yellow salt, corresponding to the xanthate of 
potassium. 

With sulphuric acid, allylic alcohol forms an acid corresponding 
to sulphuric acid. The new aoid forms a soluble salt with baryta 

I3a \ S 04 
Co Ho J S 04 

The carbonate, acetate, benzoate, oxalate, oxamato, and cyanate 
of oxide of allyle have all been formed and analysed. 

The oyanate of allyle, with ammonia, yields fine crystals of 
allylurea. 

Cs n. Ns Os=Cs j£ H( |n» Os. 

If we suppose the 2 eq. of oxygen in this were to be replaced by 
sulphur, we have thiosinnamine, already desoribed under oil of 
mustard, the formula of which is 

C. H, N, Ss= Cs * Hi j. N, Ss. 
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Aniline forms with cyanate of allylo a corresponding compound, 
analogous to allylurea, which crystallises beautifully. 

With water, cyanate of allyle yields diallylurea, Ci* Hia Na Oa = 


Ca 


2 (Ca if 5 j | Na Oa , whioh has been already mentioned as 

sinapoline, and represented as diallylio urea. 

When cyanate of allyle is heated with potash, sinapoline rises 
to tho surface, and an alkaline liquid distils over, which is a 
mixture of volatile bases. Among these have been already 
detected Methylamine, Propylamine, and Allylamine , or Acryla- 


mine, Co II 7 N = N j • This new base boils between 180° 

and 190°; but it has not yet been found possible to obtain its 
platinum salt crystallised. 

TKeso results prove incontestably the existenoo of anew series 
of alcohols, running parallel to that of tho methylic and ethylio 
alcohols, and of a number of other series connected with this one, 
and parallel to the corresponding series connected with alcohol and 
acetic acid, so often referred to. The following table contains the 
formula) of the compounds of the allylio or acrylic series hitherto 
obtained, along with those of the ethylic series. 


Allylic or Acrylic Series. Ethylic Series. 

Cd He O a Alcohol . . C* Ho Oa 

Co Ha 0, or! rv • 1 J" C+ Hs 0, or 

Ci'j U,o Oi } • • 0xlde or Etlier • • i Ca Hio Os 

Co Ho Cl . . . Chloride . . C* Hs Cl 

Co Ila Br . . . . Bromide . . . 0* Ha Br 

Co Ha I . . . . Iodide . . . Ch Ila I 

Co IIs S, or 1 Sulphide. f 0* Ha S, or 

Cia l£io Sa f Oil of Oarlic. Sulphide of ethylo 1 Ca Hio S « 

0. H.. 0. K 8, { .MW.} 0 ' 11 " ^ 
Cs (K, Co Its) S, Os . Xanthate of potassium . Os (K, C. Us) S* Os 
CoHsO, CsNO . .Cyanate . . C. Hs 0, Cs N 0 

Cs (Hs , Co Hs ) Ns Os | a]lylio etlsylio } Ca ’ C ‘ Ha ) Na 0a 

Ca (H 3 , C 0 H 5 ) N 2 Sa Sulphuretted Urea. Thiosinnaraine. ? 

C, (H. 2 Co Hs) Ns Os { Diallyl Ur % iethyL } Cs (H, 2 C. Hs) N» 0. 

C. (Co Hs)s Oo . . Oxalate . . C. (C. Hs)s Oo 

Cs Hs (Co n«)N0a . . Oxamate . . . C. Hs (C. Hs)NOo 

Co Hs 0, COs . . . Carbonate . . C. Hs, 0, COa 

Co Hs, 0, C. Hs 0, . . Acetate . . . C. Hs 0, C. Hs Os 

Co Hs 0, Ci* Hs Os . . Benzoate . . C«, Hs 0, Ci« Hs Os 

Co Hs 0, HO, 2 S Os . . Sulphoacid . . C. Hs 0, HO, 2SOs 

N Hs, Co Hs . . . Amide base . . N Hs, C« Hs 
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Allylic or Acrylic Serie*. Kthylio Series. 

O'** • • {Aor y Uc AUehyd W} C ‘ H * °' 

C. H. 0. . {Acrylic. Acld ‘ Acetic } °‘ H * °* 

n „ J Hydrocarbon, u 

* * \ Propylene. Marsh gas J 4 * 

It will be seen that the analogy is perfect. The aldehyde of the 
new series is acroleine, or the hydrated oxide of the radical Co Ha , 
already known by the name of acryle, and corresponding to acetyl*, 
C* Hs. Acrylio acid, also long known, is the hydrated teroxide 
of the radical Co Ha . 

Now we have already seen that acrylic acid is one of the homo- 
logous series (see pp. 293 et seq.) y of which we have named six 
members, namely, acrylic acid, the third : angelic acid, the fifth ; 
moringic acid, the fifteenth ; oleio acid, the eighteenth ; doDglinic 
acid, the nineteenth ; and erucio acid, the twenty-second in the 
series. We cannot now doubt that, like acrylic acid, each of 
these, as well as each of the unknown members of the series, will 
be found to have a corresponding alcohol. These alcohols, whose 
existence implies, in each case, that of compounds corresponding 
to those in the table just given and many others, do not appear to 
occur in nature ; but it seems likely that they may be obtained 
from bodies like the iodide of allyle, Ca Ha I, as the allylic alcohol 
has been from that compound. Indeed, Hofmann and Cahoura 
have already found that bromide of vuleryle, Cio Hr, under- 
goes changes similar to those seen in the iodide of allyle; and also 
that some of the compounds from olefiant gas, probably iodide or 
bromide of acetyle, C* Ha I, or C* JI 3 Hr, appear to yield 
analogous results. 

We may here subjoin a short table, showing the relations of the 
new alcohols and their derived acids to the old alcohols and their 
derived acids : — 


Group of Alcohols. Group of Adds. 

' * XT A ~7» N /■ ' A s 

Now. Old. N ew . Old. 

Ci Ha Oa Ca H* Oa Methylic Ca 0 4 Carbonic ? Ca Ha 0* Formic 

C* Ha Oa 0* lie Oa Kthylic Ca II a 0* C* Hi Oa Acetio 

Cn Ho Oa Allylic Co Hs Oa Propylic C« H* 0* Acrylic Co IIo 0* Propylic 

0# H» Oa C« Hio Oa Butylio Cs Ho Oa C» Ho 0* Butyric 

C 10 Hio Oa Cio Hia Oa Amylic Cjo Hs 0+ Angelio Cio Hio Oi Valeric 

Cia Hia Oa Oi» Hu Oa Hexylic On IIio 0* Cia Hu 0* Caproio 

Ch Hu Oa Cu Hio Oa Heptylic Cu Hu 0* Cu Hu 0* (Enantkylic 

Cio Hio Oa Cio ILa Oa Octylio Cio Hu 0* Cio Hio 0* Oaprylic 

* * * « * * 


Coo Hao Oa 


Cao Haa Oa 


Cao Hs* 0* Oleic 


Cso Hao 0* Stearic 
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There are many blanks in this small extract, as it were, from 
the entire table. But these will rapidly be filled up. 

II. A NEW CLASS OF ACIDS. 

The reader will remember, that we have described (pp. 288-293) 
a series of bibasic acids, running parallel to the monobasic volatile 
acids of the formylio series. He will also recollect, that in the 
benzoic group there is a series of monobasic volatile acids, of 
which benzoic acid is the type, and which, like the acids of the 
formylic series, oontain, in the hydrated state, 4 eqs. of oxygen. 

Now, Hofmann has found that cuminic acid, one of the acids of 
tho benzoic series, the formula of which is Cao Hia 0* , when 
boiled with chromic acid, is converted into a new acid, which 
he calls 

Insolinic Acid , Cis lie Os = Cis Ho Oo , 2 II 0. This acid is 
insoluble in alcohol and ether, and it bears to one of the acids of 
the benzoic series a relation similar to that which exists between 
oxalic acid and formic acid. For insolinic acid is bibasic, like 
oxalic acid, and it will be seen, by the following table, that it 
oontain s 2 eqs. of carbonic acid more than the corresponding 
monobasic acid, just as oxalic acid is formic acid plus 2 eqs. of 
carbonic acid. The series of the monobasic aromatic acids is 
itself very imperfect, and of the corresponding bibasic acids two 
only are known, namely, insolinic acid, and phtalio acid, the latter 
having been recognised as a member of this series, in consequence 
of the discovery of insolinic acid. 

Monobasic Aromatic Acids. Bibasic Acids. 

Ci* Ho 0* Benzoic Cio Ho Oa Phtalic 

Cio Ha 0* Toiuylic Cis Ha Oa Insolinic 

Cia Hio 0* ? Cao II 10 Oa ? 

Cao Ilia 0* Cuminic C 22 Hu Oa ? 

Thus we see, that in another quarter a new homologous series 
of acids has been detected. We have now tho formylio series of 
acids, the oxalic series of bibasic acids, the acrylic series mono- 
basio, the benzoic series monobasic, and the phtalic series bibasio. 
It will be observed, that while tho two monobasic series, tho 
formylio and benzoic, have enoh a parallel bibasio series, the 
monobasic acrylic series has, as yet, no such bibasic series parallel 
to it. But if to acrylic acid, Co If* 0* , we add 2 C Oa , which is 
the difference between formic and oxalic acids, we obtain the 
formula CsH* 0», which is that of maleic and fumario acids, well- 
known bibasio acids, Cs Ha 0 , 2 H 0. The next acid in this 
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series will be 0 10 He Os = Cio H* Oc , 2 HO; and this is the 
formula of itaconio and oitraconio aoids, both bibasio. I think 
it very probable, therefore, that some of the aoids just named will 
prove to belong to a bibasio series, parallel to the acrylic series, 
and differing from it by 2 eqs. of carbonic acid. And thus we see 
how every discovery in organic chemistry tends to reduce all 
known compounds to homologous series, Jhe homology of maleic 
and fumaric aoids, with itaconic and oitraconio acids, has not, 
till now, attracted notice, but the discovery of insolinio acid has 
not only found a place for phtalio aoid, but enabled us to perceive 
that the vegetable acids just named may also have their place in 
a series not remotely connected with that of alcohol, or rather with 
that of aorylio alcohol, and with that of the glycerides. 

III. NEW PHOSFJIORISED BASES. 

Thenavd, as already mentioned, has shown that methyle can 
replace the hydrogen in phosphuretted hydrogen, PHs, and thus 
givo rise to new bases. 

Hofmann and Cahours have recently, by adopting a now method, 
greatly extended our knowledge of these. The process consists in 
the action of terchloride of phosphorus on zincomethyle, zinccthylc, 
2 incamyle, &c., when chloride of zino is formed, along with the 
base. 

The bases thus obtained are volatile, and correspond to ammonia, 
in which the nitrogen is replaced by phosphorus, tho hydrogen by 
methyle, &o. The compounds P Moa , analogous to kakodyle, AsMea , 
and P Mes , analogous to ammonia, were obtained by Thenard. 

Hofmann and Cahours have not only obtained the compounds 
P Aea and P Ayls , but by the action of the iodides of methyle, 
ethyle, and amyle on these, have formed a number of ammonium 
bases, analogous to totramethylium. These last are obtained as 
iodides, from which, by the action of oxide of silver, the hydrated 
oxides are obtained, which in properties are analogous to Hof- 
mann^ hydrated oxides of totramethylium and tetrethylium, &c. 
The following table contains tho formula? of the radicals, bases, or 
iodides of radicals, which they have obtained. 

P Mea* * Mo— Cilia 

T Mea 
V Me* I 



t Ad^C* Ha 
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till} 1 

2 Ayl 3 J j Ayl = OioH 11 

P Ayl* I 

=■£'■}■ 

Tlie iodides in this table, acted on by the oxide of silver, yield 
the hydrated oxides of the several ammonium radicals, and from 
these the other salts are obtained. At present we have only the 
general results. The details will soon be published. 

It appears, as might be anticipated from the existence of 
kakodyle and arsenethyle, that arsenic yields a scries of similar 
compounds, and doubtless the other metals which have been 
shown to combine with radicals of tho ethylio series will 
be found to yield compounds, analogous to some, if not all the 
above. 


IV. T1UGEN.TC ACID. 

This acid is formed, along with other substances, when the 
vapour of hydrated cyanic acid is brought in contact with 
aldehyde. It is first obtained mixed with oyainelide and alde- 
hydammonia, but the whole mass is dissolved in hydrochloric acid 
of moderate strength, and boiled as long as aldehyde is given 
off. On cooling, trigenio acid is deposited in small prisms, 
sparingly soluble in water, nearly insoluble in alcohol. Its 
formula is Co If 7 Na O* = C 0 11 0 N-j 0 3 , HO, and it is monobasic. 
The silver salt is somewhat soluble in hot water, and is deposited 
on cooling in very minute crystalline spherical concretions, which 
become violet in the light. Leaving out of view the other 
products, which are secondary, the formation of the acid is 
explained as follows : — • 

0* H* Or + 3 (C* NO,nO) = C o I h Ns 0* + 4 CO 
Aldehydo Cyauic Acid TrigenicAcid. 


This acid contains the elements of anhydrous cyanio acid and of 
aldehydammonia. 


Co Ht Ns 0* = 


Cs NO IN H* 0 
Oa NO/C* Us 0 


Y. SUDOKIC ACID. 

According to Favre, this acid exists in combination with potash 
and soda in the sweat. It is not yet known in a state of perfeot 
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purity, but its concentrated solution does not crystallise, and, 
when heated, gives off ammonia. Favre analysed a mixture of 
Budorate of silver with chloride of silver, and obtained results 
from which, after deducting the chloride, he calculated for the 

** u % 

sudorate of silver the formula Cio ^ J N Oi* ; so that the acid 

will be Cio H© NO14 = Cio H 8 NO13, HO. If this be con- 
firmed, it is interesting as indicating lome relation between 
sudorio acid and urio acid, as well as xanthic oxide and inosinic 
acid, all of which contain 10 eq. of carbon. 

The salts of this acid with bases are all very soluble, but do not 
crystallise. This circumstance makes their purity somewhat 
doubtful. These salts are also soluble in absolute alcohol, except 
the silver salt. 


VI. THYMINE. 

This name has been given by Gorup Bosanez to a new base, 
found by him in the thymus gland of the calf. This is extracted 
by cold water, after removing as much fat as possible, and yields 
a reddish, very acid, liquid, which when evaporated deposits a 
brown coagulum. The supernatant liquid is quite limpid ; baryta 
precipitates from it the phosphoric acid. The filtered liquid, 
when evaporated, forms caseous pellicles, consisting of carbonato 
of baryta and organic matter, and leaves a brown syrupy liquid, 
with an odour of soup. Tho addition of alcohol or ether causes 
slowly a deposit of impure thymine ; which is purified by solution 
in boiling alcohol, and is deposited on cooling, as a shining powder, 
formed of minute crystals. 25 lbs. of the thymus gland yielded 
by this process only 3 or 4 grains of thymine. 

It has neither taste nor smell ; is very soluble in water, soluble 
in hot alcohol, insoluble in cold alcohol, in absolute alcohol, or in 
ether. Heated in a tube, it melts, yielding a crystalline sublimate 
and alkaline vapours with a smell like that of hydrocyanic ucid. 
Its salts are orystallisable. The hydrochlorate and sulphate are 
both efflorescent ; the ohloroplatinate forms octohcdra, soluble in 
water, insoluble in alcohol. 



INDEX. 


PAGE 

Absinthine .... 853 
Absolute alcohol . . . 200 ! 

Acetal 231 j 

Acetamide 239 j 

Acetates 235 j 

products of decomposition of 249 ] 

Acetic acid . . .10, 235 1 

Acetinea 300 ; 

Acetochlorbydriiie . . . 307 ! 

Acetone 249 j 
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Hyposulphobenzoic . .138 
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Igasuric 337 
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Inosinic 528 
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Iodosalicylic . . . . 160 

Isafciuic .... 367 
Isatinosulphurous . . . ib. 

Isetliionic .... 227 
Iso tartaric . . . . 319 

Itaconic . . . .313 

Japonic ..... 328 
Kakodylic . . . .192 

Kinic 332 

Lactic . . . 137,446 

Lactucic . . . . 337 

Lajvotartaric . . .318 

Larapic . . • 232 

Lantauuric . . . .125 

Laurostearic 10, 277, 546, 578 
Leeanoric .... 357 

Leucio 295 

Leucoturic . . . .115 

Liuoloic . .... 295 

Lipic 290 
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Malic 320 
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Meconio . . . • 329 
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Melanuric . . . .106 
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Acid, Metacetonic or propylic 10, 
253,546, 577 


Metagallic . . . . 327 

Metatartaric . . .319 

Mefcliiomc . . . . 227 

Metolcic .... 294 

Mimotanuic . , . . 328 

Moringic .... 293 
Moroxylic . . . . 337 

Mucic .... 442 

„ modified . . . . ib. 

Mykomelinie . . .118 

Myriospermic . . . . 167 

Myristic . 10, 277, 646, 578 

Naphtalic . . , . 489 

Naphtionic . . . 4 87 

Narcotinic . . . . 424 

Nitranisic . . • .165 

Nitrobenzoic . . . . 138 

Nitrobutyric . . . 259 
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Nitrocinnamic . . .166 
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Nitro valerianic . 264, 269 

(Enantkic .... 336 
CEuanthylic 10, 270, 546, 577 

Oleic 293 

„ action of heat on . . ib. 
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Oleophosphoric . . . 520 

Opianic . . . .422 

Opiauosulphurous . . . 423 

Oxalic . . • • 6 2 

Oxalovinic . . . . 218 

Oxaluric . • • .118 

Oxamic 65 

Oxyphenic 475 

Palmitic . . 10, 279, 546, 578 

Paraftanio .... 118 
P&racholic . . . • 514 

Paracomenic . . • S31 
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Acid, Paramaleic or fumario . 822 J 


Paratartaric or racemic .817 

Parellic ..... 858 

Pectin 457 

Pelargonic 10, 274, 546, 578 
Persulphocyanic . . , 301 

Phosphovinio . . .214 

Phtalic 489 

Picric, nitropicric, or carba- 
zotic . . . 374,474 

Pimelic . . . . 290 

Pinic 848 

Pneumic 580 

Propylic . 10, 253, 546, 5 77 

Prussic or hydrocyanic . . 61 

Pyrogallic .... 826 

Pyromeconic . . . . 83] 

Pyromucic . . . 442 

Pyrotartaric . , , . 820 

Quercitamiic . . . 324 

Qniuic or kinic . . . 832 

Racemic . . . .317 

Rbodizonic . . . . 67 

Ricinolic .... 803 

Rocellic 336 

Rosolic .... 476 

Rubiuio 328 

Rutylic . . 275, 546, 577 

Saccharic 440 

Sacchulraic . . . 439 

Salicylic . . . , . 158 

Saiicyloua . . . .156 

Sebacic 291 

Solauic .... 337 

Sorbinio . . . . 443 


Acid, Sulphoiadigotic 

rxos 
. 860 

Sulphoruannitic 

. . 449 

Snlphomesitylio , 

. 251 

Sulpbomethylic 

. . 179 

Sulphophenic 

. 474 

Sulphopianic . 

. . 423 

Sulphopurpuric . 

. 366 

Sulphosaechario 

. . 439 

Sulphotoluylie 

. 167 

Sulphovinic 

. 213 

Sylvio . 

. 348 

Tanacetio 

. . 337 

Tannic 

. 324 

Tanningonic . 

. . 328 

Tartaric 

. 314 

„ action of heat on 

. 317 

„ anhydrous . 

. . ib. 

Tartrovinic . 

. 315 

Thionaphtamic 

. . 487 

Thionuric . 

. 119 

Toluylic . 

141, 170 

Trigenie 

. 601 

Uramilic 

. . 120 

Uric .... 

. 109 

Uroxanic 

. . 126 

Umiuc 

. 861 

Valerianic . 10, 264, 

546, 577 

Viridic 

. 328 

Xanthic . 

. . 218 

Xanthopenjc 

. 423 

Acids, organic, theory of 

. . 47 

hydrogen, theory of 

. 49 

anhydrous 

. . ib. 

monobasic . 

. 48 

bibasio 

. . ib. 


Stearic 
Styphuic 
Suberic 
Succinic . 
Sudoric 
Sul ph acetic 
Sulphacetylic 
Sulphallylio 
Sulphamylic 
Swlphethamic . 
Sulphoamidio 
Sulphocaraphic 
Sulphocamphoric 
Sulphocarbolio 
Sulpliocetylic 
Sulphoctylio . 
Sulphocyamc or 
nhocyanic 
Sulphoglyceric 


tribasic 

polybasic 

coupled 

fatty 


volatile oily, series of, 10, 546, 677 


| Aoouitic acid , 
Aconitine . 
j Acroleino 
! Acryle 

I hydrated oxide of 
Acrylic acid 


. ib. 
. . ib, 
. 60 
276—287 


j Action of acids on organic coin- 
| pounds . . , , 

Action of bases on organic com* 
! pounds . . . . 

i Action of ferments on organic 
I compounds . . . . 

j Action of heat on organic com- 
I pounds , 


. 312 
. . 427 
. 309 
309, 595 
. ib. 
809, 595 
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Adipic acid .... 290 Allyle, sulphuret of . 343, 595 

Agriculture, chemistry of, 457 seiies .... 595 

etscq. Almonds, oil of . . . . 295 

Air, its functions in vegetation ib. oil of bitter . .132—156 

Alanine . • 136,280, 406 Aloes, action of nitric acid oil . 379 

Albumen, animal . . . 496 Aloeretinic acid , . , . ib. 

vegetable . . . . ib. Aloetic acid .... ib. 

its composition . , 499, 557 Alpha resins . . . . 350 

formation in plants . . . 558 orceino .... 362 

products of oxidation of . 570 orsellosic acid . . , . 360 

produced from fibrine . . 569 orsellic acid .... ib. 

Albuminous compounds 499, 557 Althionic acid . . . . 227 

their origin . . . . 558 Amalie acid .... 433 

their destruction . . 570 Atnophenaae or Aniline, 364, 375, 389 

Alcohol 205 Amarine .... 145, 404 

absolute .... 206 Amarythrine . . . . 859 

action of, on the system . .689 AmaKatine .... 378 

products of oxidation of . 228 Amber, and oil of . . 290 

may replace fat or starch in Ambreic acid .... 301 

food 589 Ambivino ib. 

action of chlorine, &c., on . 245 Amide or Ainidogen . . 52 

Alcoholate of potash . . 221 liases 15, 61, 184 et seq., 383 et seq. 

Alcohols, series of • 19, 22 Ammelide .... 103 

Aldehydammonia . . . 229 Ammeline . . ,104, 404 

Aldehyde * . . . . ib. Ammonia . . . 15, 53 

acetic . . . . . ib. acetate of .... 236 

butyric 257 anomalous cyanute of . .78 

caprylic .... 273 bases . . . 182, 383 

formic 195 benzoate of . . . . 130 

isomeric modifications of . 231 mulate of, acid . . . 321 

cenantbylic . . . .270 cyanate of, basic . . .77 

propionic . . . . 253 dial urate of . . . . 122 

resin of , , 231 mellitato of . . . . 68 

valerianic . « ♦ ♦ 264 oxalate of . * . . 64 

Aldehydes, the series of . . 23 oxalurate of . . . 119 

Aldehydic acid . . . . 232 phosphate of, and magnesia . 535 

Aliturio acid . . . .123 thionurate of . . .119 

Alizarine 351 use of, as a manure . 551, 562 

Alkaloids, artificial . . . 381 always present in the atmo- 

different classes of 381—408 sphere . . . .551 

natural . . . 410—435 Ammonium . . . . 53 

Allantoine Ill bases .... 187, 884 

Allophauio acid . . 181, 220 oxide of . , . .. 63 

Alloxan 113 Ampeline . . . .491 

Alloxanio acid . . . 115 Amygdaline . . . . 152 

Alloxantine . . . . 120 AmyKdalinic acid . . . ib. 

Allylamine .... 597 AmyUmme . . . . 262 

Allyle . . . 343, 595 Amyle 260 

benzoato of ... 596 acetate, Ac., of oxide of . , 262 
cyanate of • . . 597 chloride, &c,, of , . • 264 

hydrated oxide of . . . 596 byd rated oxido of . . . 261 

iodide, Ac., of 695 Amylophenylamine . . 396 

other compounds of . 595—598 Amylotricthylium or Triothy- 

sulphocyanide of • • 343 lauiylium • • • • 263 
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Amylourea . . . . 262 

Anchusine . . . .351 

Anemonine . . . . 346 

Angelicine . . . .356 

Anilic, indigotic or nitropicric 

acid 374 

Aniline . . 364, 375, 389 

analogy of, with ammonia . 391 
Anilocyanic acid . . .394 

Anilo-mellone, Ac. . . .395 

Anilo-urea . . . , . 391 

Animal heat, origin of . .581 

Animals, nutrition of . . .568 

ct seq. 

Ani me, resin of . . .348 

Anise, oil of . . 164, 341 

Anisic acid . . . .164 


Anisidine 


165 


PA.OB 

Atoms, arrangement of, very 
important . . 16 — 18 

Atropine 426 

Azadirine . . . .430 

Azobonzido . . . . 140 

Azobcnzoide . . . .147 

Azobenzoyle . . . . 143 

Azolitmine .... 362 
Azotised animal and vegetable 
products . . 356 — 435 

origin of . . . 552 et seq. 

changes of, in tho body, 569 et seq. 

B altsnic acid . . .10, 285 

Balsam of Peru . . .166 

of Tolu . . 167, 348 

Bases, organic or alkaloids . 381 
artificial . . . 381 — 408 


Anisoine 

. 341 | 

Auisole 

165, 171, 180 j 

Anisyle . 

. 164 

Annotto or Anatto 

. . 351 

Anthracene 

. 490 

Anthronilic acid . 

. . 375 

Antiarino 

. 354 

Apiine 

. . 458 

Aporetine 

. 350 

Apyrine 

. . 431 

Arabine . 

. 456 

Arachidic acid . 

. . 285 

Archil 

. . 362 

Aricine 

. . 417 

’Arrow root 

. 452 

its unfitness for food . .506 

Arsenethyle . 

. 211 

Arsenethylium . 

. . ib. 

Arsenodiethyie 

. ib. 

Artificial bases . 

. 381 et seq. 

Arum, oil of . 

. 345 

Asarone 

. . 346 

Asparagine or malamide . .322 

Aspartic or malaxnidic acid . ib. 

Aspbaltum 

. 493 

Asaafoatida, oil of 

. . 345 

Athamantine . 

. . . 301 


Atmosphere, functions of, in 
animal lifo . . . 549 

functions of, in vegetation . 548 
et seq. 

contains ammonia * . . 551 

contains carbonic acid . . 548 

proportion of oxygen and 
carbonic acid in, always 
the same . . . .549 


„ formation of . . ib. 
from volatile oils . . . 389 

of animal oil . . . . 397 

of cinchona bark . . .413 


of coal tar . . 389, 396 

of the Fupaveraceae . .418 

of the Solanacea;, &c. . .425 

derived from aniline 375 — 378 
„ from animal products 406 

„ from naphthaline . 402 

„ from narcotino . . 423 

„ from oil of bitter al- 
monds . . . 145, 404 

derived from oil of bran . 405 
„ from oil of mustard 402 

amide . . . .182, 383 

ammonia . . 184, 884 

ammonium . . . 187 , 386 

containing chlorine, &c. . , ib. 

„ platinum . 55—60 

imide . . . 185, 383 

nitryle . . .185, 384 

Basil, oil of . . . . 342 


Basso rine 
Bebeerine . 

Beer 

Behenic acid 
Benic acid 
Benzamide , 
Benzdne or benzole, 
Benzhydramide . 
Benzilo . 

hydrocyanate of 
Benzilio acid . 
Benzimide . 


10, 285 
. 456 
. 430 
. 508 
10, 286 
10, 277 
. . 134 
141, 392 
. . 143 
. 146 
. . 149 
. 147 
. . 145 
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Benzoates 

. 130 

Benzoic acid 

. . 129 

anhydrous . 

. 131 

Benzoic alcohol . 

. . 151 

series 

. . 131 

Benzoicines 

. 307 

Benzoene or toluole 

141, 167 

Ben zogly colic acid 

. . 137 

Benzolactic acid 

. ib. 

Benzoino 

. . 145 

hydrocyanate of . 

. 149 

Beuzoinam . 

. . 346 

Bonzoinamide . 

. ib. 

Benzole . . 139, 

141, 168 

chloride of . 

. 140 

Benzolone . 

. . 144 

Ben zone, or benzophenone 

. 142 

Benzostilbine 

. . 144 

Benzoyle 

. 128 

chloride, See., of 

. . 133 

liyduret of . 

. 132 

formation of hyduret of 

. 153 

benzoate of liyduret of 

. . 135 

Berber ine 

. 431 

Bergamot . 

. . 342 

Beta orceine . 

. 362 

orsellic acid . 

. . 800 

resins .... 

. 350 

Bezoar stones 

. . 520 

Bibromisatine . 

. 369 

Bibromisatyde . 

. . 370 

Bichlorisatino . 

. 368 

Bichlorisatinic acid 

. . ib. 

Bichlorisatyde . 

. 370 

Bichl ovicinchoniuo 

. . 416 

Bichloronicene 

. 475 

Bicyanide of mercury . 

. . 88 

Biethylomeconic acid 

. 331 

Bilo . . . 

. . 513 

its constitution . 

ib. et seq. 

ox .... 

. 514 

pig . 

. . 517 

products of decomposition of ib. 

serpents’ . 

. . 516 

function of . 

. 489 

Biliary calculi 

. . 520 

Binitrobeuzophenone 

. 142 

Bismethyles 

. . 218 

Bitartrate of potash 

. 315 

Bitter almonds, oil of 

. . 132 

theory of its formation 

. 153 

Bituminous shale 

. . 491 

Blauquinma 

. 417 

Blood, coagulation of . 

. . 536 


PAGE 

Blood, composition of . . 686 

absorbs more oxygen than 
water .... 579 
is always alkaline . . . 639 

uses of the globules, the 
phosphate of soda, and the 
iron of . , 678 et aeq. 

Blue, Prussian, its formula . 99 
Blue colouring matters . 352, 366 
Blue, Indigo . . , . 362 

Boiling of meat and vegetables 687 
Boa constrictor, urine of . • 109 


Boletic acid .... 337 

Boloretino 493 

Bone earth .... 563 
in guano . . . 533, 663 

dust as a manure . *, 663 

Bones . . . .... 512 

gelatine of . . .511 

Borneeno . .... 341 

Borneo camphor . . . 335 

Brain and nervous matter , . 520 

Brandy 608 

Brazil wood . . . . 352 

Bread and flesh compared . 587 
Bromachlouaphtose, &c. . .482 

Bromal 246 

Bromanilino . . . . 375 

Bromide of benzole . . . 149 

Bromide of chlonaphtese, &e. . 483 
Bromisatine . ... 369 

Bromobenzoic acid . . .138 

Bromocinchoniue . . . 416 

Bromocodeino , . . .420 

Bromocornenic acid . . . 331 

Bromoheliciuc . . .168 

Bromophenisic acid . . .474 

Bromosalicylio acid . . .160 

Brotnostyrole . . . . 349 

Bronaphtase, &e. . . . 479 

Brown coal 472 

Brucine ..... 429 

Bryonine 354 

Butter, volatile oily acids of, 268 
et aeq., 621 


proportion of, in milk . . 628 


Butylamine ...» 266 

Butyle 255 

compounds of 256 

Butyleue 255 

Butylic mercaptan . . . 256 


Butyral, or butyric aldehyde • 257 
Butyramide . . * . 260 

Butyrate of oxide of ethyle . 259 

R R 
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Butyrate of lime . . . . 259 

Butyric acid , 257 

anhydrous . . « . 258 

aldehyde .... ib. 

ether 259 

fermentation . . 258, 448 

Butyrone 260 

Butyronitryle . . . .259 

Butyryle 257 

hydrated oxide of , . ib. 

Buxine 431 

Cacao butter .... 300 
Cacotheline . . . . 429 

Caffeic acid .... 828 
Caffeine or Theine . . . 433 

products of its decomposition ib. 
Caffeomurexide . . . ♦ 434 

Caffeotannic acid . . . 3*28 

Cajeput, oil of . . . . 842 

Calculi, biliary . . . 520 

urinary 434 

Calculus, fusible . . .435 

mulberry . . . . ib. 

uric acid . . . . ib. 

cystic and xanthic oxide . ib. 
Camphamic acid . . .335 

Camphogeu . , . . ib. 

Campbolic acid . . . . ib. 

Camphor .... ib. 
artificial . , . . . 838 

Borneo .... 335 

oil of . . . . . %b. 

Camphoric ether . . .334 

Camphorine . . . . 307 

C&mphovinic acid , . . ib. 

Camphoric acid . . . „ 334 

anhydrous .... 335 
Campbrone . . . . 330 

Camwood .... 352 

Cane-sugar 436 

with acids . . , . ib. 

with bases . . . 437 

with ferments . 38, 444 et uq. 
Cantharidine . . . 846 

Caoutchine . . . .347 

Caoutchouo . . . . ib. 

Capnomor .... 467 

Capramide 2('9 

Capr&l ib. 

Caprates, or rutylates . . . 276 

Capric, or rutylic acid . .275 

aldehyde, or oil of rue . . ib. 
Caproates . , ,269 


PACK 

Caproates of oxides of ethyle 
and methyle . . . 269 

Caproio acid .... 263 
anhydrous . . . . ib. 

Caprone ..... 269 
Capronitryle . . . . ib. 

Caprotylamine . . . 268 

Caprotyle 266 

hydrated oxide of . . 267 

Caproyle, hydrated oxide of . 268 

Caprylal 273 

Caprylates .... ib. 
Capryle, hydrated oxide of . . ib. 
Caprylic acid . . . . ib. 

anhydrous . . . . ib. 

Caprylone . . . . ib. 

Capsicino 430 

Caramel 440 

Carapine 430 

Carbamate of oxide of amylo . 262 
„ ethylo . 217 

„ methyle 179 

Carbamic acid .... 395 
Carbamide ... 66 , 394 

Carbanilide .... 394 
Carbanilic acid . . . . ib. 

Carbazotio, Picric, or Nitroplic- 
nesic acid . , . 374 

Carbolate of oxide of amyle . 180 
„ ethylo . ib. 

„ metbyle . ib. 

Carbolic acid . . . 170 , 478 

its howologues . . . 170 

its relations to creosote . 465 
Carbon, its predominance in 
organic bodies . . . 3 

chlorides of . 200 , 243 — 248 
of plants, whence derived , 541 
Carbonate of oxide of ethyle . 216 
Carbonic acid, as part of the 
food of plants . . . 541 

decomposed by growing ve- 
getables . . . . 46. 

Carbonic ether . . .216 

oxide as a radical . . . 62 

Carbohydrogeus of the marsh- 
gas series .... 22 
of the olefiant gas series . . 28 
Cardamom, oil of . 343 

Carmidme . . Ana 

Carmine . . . . ‘ 37 $ 

Carminicacid . . . ' ib 

Carnivora, food of . . ] 59 O 

Carotin e , , t or* 
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Carthamine 
Carraway, oil of , 
Carvacrole 
Carvono 
Carvole . 
Caryophylline 
Cascarilla, oil of 


F&OB 

. 351 
. 342 
. ib. 
. ib, 
. ib. 
. 336 
. 342 


Caseine, animal and vegetable . 504 
products of decomposition of 505 
produces lactic fermentation 446 
Castorino .... 301 

Castor oil 802 

Catalysis, doctrine of . .40 

Catechine 328 

Catechu ib. 

Cathartine 354 

Cedriret 470 

Cellulose 458 

Cerasine 457 

Cerebrio acid . . . . 520 

Cerebroleine .... ib. 

Corosine 301 

Cerotate of oxide of ceryle . 286 
Cerene . . . , . ib. 

Cerotic acid . . . . ib. 

Ceric alcohol . . • . ib. 

Ceryle, cerotate of oxide of . ib. 
hydrated oxide of . . . ib. 

Cetiuo 280 

Cetrariue ... . . 353 

Cetyle 277 

oxide of ib* 

oxide of, and sodium . .278 

palmitate of oxide of . . 280 

hydrated oxide of, or othal . 277 
Cetylic, or palmitic acid . .279 
alcohol, or ethal . . .277 

mercaptan . . . . 279 

Chaerophylline . . .435 

Chamomile, oil of . . . 342 

Charcoal, animal . . .512 

Cheese 523 

flavour of . . . ib. 

from peas and beans . . 505 
Chelerythrine .... 425 
Chelidonine . . . . 

Chemistry, organic ... 1 

of animal and vegetable life 494 
Chinovic acid .... 329 

Chino vine 417 

Cbiococcine .... 428 
Cblonaphtase . . . . 479 

Chlonaphtese .... ib. 
Chlonaphtise . . . ♦ 481 


Chlonaphtoae 

PiOI 

. 482 

Chlouaphtuse . 

. ib* 

Chlonaphtalaso . 

. ib . 

Chlonaphtalese 

. i6. 

Chlonaphtaliso . 

. ib. 

Chlophtalisic acid . • 

. t6. 

Chloracetie acid . 

. 246 

Chloral .... 231, 245 

Chloranaphtisic acid . 

. 488 

Chloranilam 

. 378 

Chloranilammon 

. ib. 

Chloranile 

. 372 

Chloranilic acid . 

. ib. 

Chloraniline . 

. 376 

Chloranisolo 

. 165 

Cliloranthaccnese . 

. 490 

C h 1 o rebr on aph tiso 

. 482 

Chlorebronaphtose . 

. t*6. 

Chlorhydrine 

. 306 

Chloretheral . 

. 248 

Chloribronaphtose 

. 482 

Chloribronaphtuso . 

. 483 

Chloride of acetyle 

. 245 

„ benzole 

. 140 

„ benzoyle . 

. 134 

„ bronaphteso . 

. 483 

carbon . 243, 248 

„ chlonaphtase 

. 483 

„ chlonaphtese 

. ib. 

,, cyanogen 

. 86 

„ ethyle 

. 206 

„ methylo 

. 177 

„ napthaline 

. 484 

„ tetramethylium 

. 187 

„ tetrethylium 

. 225 

Chlorindopten 

. 372 

Chlorindine 

. 371 

Chlorisatiue 

. 367 

Chlorisatyde 

. 370 

Chlorobenzine 

. 140 

Chlorocarbonic acid . 

. 66 

etbor 

. 216 

Chlorocinnose 

. 166 

Chlorocodeine 

. 420 

Chlorodibromaniline . 

. 377 

Chloroform 

. 198 

Chlorohelicine . 

. 163 

Chloronicino . 

. 475 

Clilorophencsic, chloropheniaic, 

and chlorophenusic acids . 474 

Chlorophyll . 

. 352 

Chlorosaliciue . 

. 162 

Chlorosalicylimide . 

. 160 

Chloroxenaphtalise, oxide of . 488 


e r 2 



612 


INDEX. 


Chloroxenaphtalisic acid . 

Chloroxenaphtose, oxide of 

Chloatilbase 

Cholacrole 

Cholalic acid 

Choleic acid 

Cholesterine 

Cholesteric acid 

Chloleaterilines . 

Cholesterones . 

Cholestrophane . 

Cholic acid 
Choloidanic acid 
Choloidic acid . 

Cholonic acid 
Chondrine . . • 

Chromocyanogen 
Chrysaimnic acid , 
Chrysanilic acid . 

Chrysene 
Chrysolepic acid . 
Clirysophanic acid . 

Chyle .... 
Chyme .... 
Cinchona bark, bases of 
Cinchonine 
Cinchovatine 
Cinnameine 
Cinnamic acid . 
Cinnamon, oil of 
Cinnamyle . 

hyduret of . 

Cicutino 
Ciasampelmo . 
Citraconanilo 


, . 488 Cocoa nut fat or oil . . . 300 

. ib. Cocognidic acid . . . 337 

. 148 Codeine . . ... 420 

. 519 products of its decomposition 421 
. 515 Coffee, its action on the system 598 
. ib. Colchicine .... 427 

, 518 Collidine ^ 397 

. ib. Colocyuthino .... 354 
. 519 Colopholic acid . . . . 350 

. ih. Colophony . . . .348 

. 433 Colostrum 623 

.514 Colouring matters, blue . . 352 

. 519 „ rod . . 351 

.515 „ green . 352 

.516 „ nitrogeni8od 356 

.511 „ yellow . 351 

. 97 Colouring matter of blood . . 536 

. 379 Columbine .... 354 


. . 376 Comenamic acid . 

. . 331 

. 491 Comenie acid . 

. ib. 

. . 380 Complex molecules, formation of 150 

. 362 Compound radicals . 

. 5 

. . 5G8 of tho acotylic scries 

. . 23 

. ib. of the benzoic series . 

. 141 

. .413 of the etliylie series . . 

22, 173 

. 415 Coneic acid . . . 

. 337 

. . 417 Coniine 

. . 412 

. 166 Convolvuline . 

. 435 

. . ib. Copaiva, oil of . 

. . 339 

165, 341 resin of 

. 348 

. . 165 Copal .... 

. . 350 

. ib. Coriander, oil of 

. 342 

. .435 Corydaline . 

. . 430 

. 431 i Cotamine . . 

. 423 

. . 313 1 Coumarine . 

. . 343 


Citracouauilic acid . . . ib. 

Citraconic acid . . . . ib, 

Citraconimide .... ib. 

Citrates 311 

Citric acid . . . .310 

action of heat on . . .812 

Cloves, oil of . . . . 339 

Cnicine 356 

Coagulation of albumen . .497 

of blood . . . . . 586 

ofhbrine .... 500 

Coal 472 

tar, oil of . . . ib. et seq. 

„ ff bases in • . 400, 476 
Cobaltocyanide of potassium . 96 
Cobaltocyanogen . . . ib. 

Cochineal .... 878 
contains tyrosine . . . ib. 

Cocinio acid , 10, 277, 546, 577 


Crameric acid . 
Cream o£ tartar . 
Creatine, or Kroatine 
Crenic acid 
Creosote , 

Croconic acid 
Crotonine 
Cryptidino . 
Crystallohematine . 
Cubcbino 

Cudbear . . . 

Cumidine . 

Cumine, oil of . 
Cuminic acid 
Cumole . 
Curcutnine . 
Curarino . 

Cusparine . 
CyameUdo 


. 337 
. . 315 
. 526 
. . 461 
. 463 
. . 67 
. 431 
. . 400 
. 506 
. . 356 
. ■ . ib. 

. . 398 
. 341 
. . 131,140 
140, 156, 398 
. . 351 
. 430 
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Cyanate of ammonia . . 77, 
„ amylamine . . 1 

„ ethylamine . . 1 

„ oxide of amyle . ! 

„ oxide of ethylo . . ! 

„ oxide of methyle . ' 

„ potash . . . 

Cyanharmaline . . . * 

Cyanic acid . . . . 

Cyanide of bcnzoyle . . ' 

„ iron . • . . 

„ mercury 

„ potassium . . . 

„ silver 

Cyanides, double . . . 

Cyftniline . . . . ! 

Cyanilic acid . . . . 

Cyanobenzile . 

Cyanocumidine . . . . 

Cyanogen .... 
is a compound radical . . 

its compounds 
spontaneous decomposition 
of its solution . . . 

and carbonic acid 

Cyanotoluidine . . . . 

Cyanoxalic acid 

Oyanurate of oxide of amylo . 
» » » ethyie • 


„ of potash 

„ of silver . 

Cyanurio acid . 
Cyclamine . 

Cymidine 

Cymolo 

Cynapine 

Cystic oxide or cystine 

Dadylk . . 

Damaluric acid . • 

Damolic acid . 
Dammara resin . 
Daphnine 
Daturine 

Decay of wood, &c. . 


methyle 181 


. 82 
. . ib. 
. 81 
. . 355 
. 398 
. 141,398 
. 431 
. . 128 

. 338 
. . 583 
, . ib. 

. . 349 
. 430 
. . 425 
. 30, 460 


checked by antiseptics . . ib. 

Decomposition of organic com- 
pounds . . • *29 

Delphine *28 

Destructive distillation of wood 461 
t| „ of coal . 472 

Dextrine 454 

Dextrotartaric acid . . .318 


Diabetic sugar 
Diacctine 
Diallylurea . 

Dialuric acid . 

Diamond, possible origin 
Diamyl arnine . 
Diamyloplienylamino . 
Diastase . 

Dibromaniline 
Dibromomelanilino . 
Dibutyrino . 
Dichloranilino 
Dichlorhydrino . 
Dichloromelaniline . 
Dichlorosalicino . 
Dicyanocodeine 
Dicyanomelaniline 
Diethylaiuine . 
Diethylamylamine 
Diethyline # . 
Diethylometliylamino . 
Diethylochloraniline 
Diethylophenylamine . 
Difluan . 

Digestion . 

in carnivora 
Digitaline . 

Dill, oil of . 

Dilituric acid 
Dimethylamine . 
Dimethylethylamine . 
Dimefcbylopiperidiura 
Dimethylo-urea . 
Dinitrobenzole 
Dinitrotoluole . .14 

Diphenylo-urea 
Diplfttinamino 
Diplutosamiue 
Diseases, cause of • 
calculous 
cause of liver . 
effects of diet on . 
Distearine . 

Divalorine 

Draconic or anisic acid 
Draconino 
Draoonyle . 

Dracyle . 

Drying oils 
Dulcose . 

Dyes . 

Dy sly sine . 

Eoo, white of . 


. 421 
. . 393 
. 224 
. . 264 
. 807 
. . 224 
. 392 
, . 396 
. 116 
. . 668 
. 504 
. . 354 
. 342 
. . 123 
. 185 
. . 224 
. 432 
. . 181 
139, 141 
, 167, 848 
. 394 
. . 60 
. ib. 
. . 691 
. 592 
. . 591 
. 592 
. . 307 
. 808 
. . 164 
. 351 
. . 339 
. ib. 
. . 803 
. 449 
356 et seq. 
. . 515 
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Egg, yolk of . . * - 674 

Elaidic acid .... 294 
Elaidino • , . • 308 

Elaldebyde . . . - 231 

Elaterino . . . . • 354 

Elements of inorganic com- 
pounds • . • . 2 

of organic compounds , . .1,2 
Elemi, oil of . . . • 338 

resin of . « .,348 

Ellagic acid .... 327 

Emetine 428 

Emulsiue of bitter almonds • 153 
sweet almonds is 
the same , . ib. 
its action on amyg- 


daline . .154 

'Enamel of teeth contains flu- 
oride of calcium . .512 

Epichlorhydrine . . . 306 

Equisctic acid . • .312 

Eremacausis or decay . . ♦ 30 

Ergotine 355 

Erythrio acid . . . . 858 

Erythroleine .... 362 
Erythrolitmine . . . . ib. 

Erythromannite . , , 359 

Essential or volatile oils . .337 

„ non -oxygenated . ib. 

„ oxygenated . .340 

„ sulphurised . .343 

„ concrete principles 

allied to . . 346 

Ethal or cetylic alcohol . .277 


Etkalic or cetylic acid, 10 , 279, 546, 
678 

Ether . . . . .201 

its formation explained . . 202 
Ethers, compound . . . 204 

series of the . . . . 24 

Etherine .... 204 

Etherole ib. 

Ethionic acid . . , . ib. 

Ethylacetamide . . . . 239 

Ethylamino . . . .221 

Ethylamylophenylamino . . 396 

Ethyle 201 

analogy with metals . . 14 
bromide and iodide of « . 206 

chloride of • , . ib 

compounds with phosphorus 220 
cyanide of . . , , 208 

fluoride of . . . . ib. 

oxide of , , 201 


Ethyle, oxide of, and potassium 221 
„ hydrated . . 204 

„ acetate of . . . 236 

„ acid sulphate of .213 
„ allophanate of . . 220 

„ benzoate of . .219 

„ borates of . . . 216 

„ butyrate of . . 269 

„ carbamate of . .217 

carbonates of . .216 

„ cyanate of . . . 220 

„ caproate of . . 269 

„ formiateof. . . 197 

„ hippurateof . . 219 

„ liyponitrito of . . 214 

„ nitrate of . . ib . 

„ mnanthate of . . 336 

„ oxalates of . .217 

„ oxamate of . . . 218 

perchlorate of . . 215 

„ acid phosphate of .214 

„ propylate of . . 254 

„ rutylate of . . .276 

„ sulphate of . . 213 

„ salicylate of . . 219 

„ silicates of . .216 

„ sulphocarbonate of . 218 
„ seleniuret of . . 208 

„ sulphuret of . . 207 

„ hydrosulphuret of . ib. 
Ethyle, compounds of, of un- 
certain constitution . .247 

products of the oxidation 
of . . . . .228 

action of chlorine, &c.,on the 
compounds of . . , 242 

Ethylocodium . . . 421 

Ethylomeconio acid . . , 330 

Ethylomethylamine . . 224 

Ethylometbyloconium . .413 

Ethylouarcotine . . . 425 


Etbylonitranilino . , . 892 

Ethylophenylamino . . 395 

Ethylopicolium . . . . 897 

Ethylopropylamine . . 262 

Ethyl opropy lamy lam in e . . 263 
Ethylopyridimn . . . 397 

Ethyloquinolium . . . 401 

Etbylo-urea .... 220 
Ethyloxamide . . . 228 

Euchronio acid . . .68 

Eugenic acid . [ 333 

Eugenine .... 337 
Euphorbium, resin of . . . 348 



INDEX, 


618 


PA OB 

Eupion , , , . .468 

Evernic acid . . . . 360 

Excrements .... 530 
Excreta, importance of, as ma- 
nures . . . . 563 

Extract of meat, bow made . 587 
„ „ its value . . ib. 

Fat, animal, its origin . .575 

oils, natural . . . . 300 

„ action of bases on . . £04 

„ „ heat on . . 300 

„ „ nitrous acid oil 302 

„ „ sulphuric acid 

on . . ib. 

Fennel, oil of . . . 342 

Ferments . . . 38, 444 

Fermentation, butyric 258, 448 
lactic . .446 

theory of 38, 444 

vinous 205, 444 

viscous . .447 

Ferridcyanides . . .04 

Ferrideyanogcn . . . ib. 

Ferrocyanic acid . . .90 

Forrocyanide of potassium . ib. 

of iron . .92 

Ferrooyanogcn . . . . 89 

Fibrin©, animal . . . 500 

vegetable • . . . ib. 

of blood .... ib. 
of flesh and of flour . . ib. 

transformed into albumen . 501 

Fichtelito 492 

Fixed or ammonium bases, 137, 225, 

384 

oils . . . 300, 307 

Flesh, juice of . . . . 525 

Fluoride of calcium in bones . 512 
Food of plants . . 539 et seq. 

of animals . . . 567 et seq. 

digestion of « . 568 et seq. 

respiratory . . . 578 et seq. 

Banguigenous . . 567, 582 

proportions of those in .582 
Forman Hide , , . . 391 

Formiutcs . . . .197 

Formic acid . . . , 196 

aldehyde . . , ,195 

Formobenzoilio acid . . . 134 

Formomethylal . . ,176 

Formonitrylo . . . . 61 

Formyle .... 195 
compounds of . 195— 201 


Formyle, perchloride of, 

PAOB 

or 

chloroform . 

. 198 

series 

. 10 

Fossil resins, wax, &c. 

. . 492 

Fraxinine 

. 355 

Fulminates 

. . 79 

Fulminating mercury 

. ib. 

Fuiminic acid 

. . ib. 

Fulmmuratos 

. 84 

Fulmimiric acid 

. . 83 

Fumaramide . 

. 322 

Fu marie acid 

. . ib. 

Fumarimide . 

. 323 

Fungic acid 

. . 337 

Furfurine , 

. 405 

Furfurolamide 

. . ib. 

Furfurolo 

. ib. 

Fuselool 

. . 445 

Galam butter 

. 300 

Gallic acid and gallates 

. . 326 

Galls, nut 

. 324 

Gamboge 

. . 351 

Gamma resin, of benzoin 

. . 348 

Garlic, oil of . 

. 345 

Gas, marsh, series of 

22, 175 

oleliant, series of 

23, 247 

phosgene 

. 66 

Gastric juice 

. . 524 

Gaultheria procumbens, oil of 158, 
180 

Geino .... 

. 461 

Geicacid 

. . ib. 

Gelatigenous tissues 

. 510 

Gelatine 

. . ib. 

products of oxidation of 

. 511 

sugar of, or glycocine 

136, 406 

Gentianino 

. 353 

Germination, theory of 

. . 540 

products of * . 

. 541 

Glaucine 

. , 425 

Glaucopicrine 

. ib. 

Gliadine 

. . 505 

Globules of the blood 

. 536 

Glucic acid 

. . 439 

Glue . 

. 510 

Gluten 

. . 501 

Glycerides 

302, 306 

Glycerine . 

. . 305 

Glyceryle and its compounds . ib . 

Glycocine, or Glycocoli 

136, 406 

Glycolic acid . 

137, 406 

Glycyrrhizine 

. . 458 

Goulard's extract , 

. 237 
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Grape juice, fermentation of .444 
Grape sugar . . . . 437 

action of acids and bases on 439 
derived from cane sugar, 
starch, and woody fibre . 437 
Green hydrokinone . . 333 

Geos, the platinised radical of 55 
Growth of animals » 568 et aeq. 

plants . .540 etieq. 

Guaiac&ne 168 

Guaiacic acid k . . ib. 

Guaiacine 355 

Guaiacum . * 168 

Guaiacylo ib. 

hyduret of . * . . ib . 

Guanine 128 

Guano, composition and origin 
of ... 533, 563 

explanation of the action of it ib, 
Guaraniuo, Theine or Caffeine 433 
Gum arabic . . . .456 

benzoin . . 129, 348 

Basaora .... 456 
tragacanth . . . , ib. 

Gun-cotton .... 459 

HAmatoxyline . . . . 352 

Hair ..... 505 
Harmalino . . . . 432 

Harmine .... ib. 

Hatchetine . . . . 492 

Heat, animal, origin of » . 581 

Heavy oil of wine . . . 226 

Helicine . . , .163 

Helicoidine . • . . ib. 

Hellenine .... 346 

Hemateine . . . . 352 

Hematosine , 537 

Hemipinic acid . . . . 423 

Heptyle .* . . .270 

Herapathite, or sulphate of 
iodoquinine . . . 414 

Herbivora, nutrition and respi- 
ration in ... 568 
urine and excrements of . . 532 
Hesperidine .... 354 

Hidantoic acid , . . 126 

Hippuric acid . . .135 

exists in human urine . . ib. 
products of its decomposi- 
tion . . . .136 

Homologous series . . . 19 

tables of 1, 10, 22, 141, 296, Ac. 
Honey, sugar of, is grape sugar 487 


PAOX 

Hops, oil of . * * . 345 

Hordeine . . . . 509 

Horn, products of its decom- 
position .... 505 
Humic acid .... 461 

Humino ib, 

Humopinio acid . . .424 

Humus 461 

true function of, in vegeta- 
tion . . . 539, 565 


Hydrated oxide of acetyl e 
acrylo 


229 
309 

allyle . 595 

„ amyle . . 261 

„ bufcyle . 256 

„ butyryle . 257 

caprotyle . 267 

„ caproyle . 268 

» capryle . . 273 

,, cerylo . 286 

„ cetyle . . 277 

„ dodecatyle . 295 

„ ethyle . . 205 

„ formylo . 195 

„ myricylo . 287 

„ inethyle .176 

„ octyle . . 271 

„ cenanthyle . 270 

„ palmityle . 279 

„ propionyle . 253 

»> propylo . 252 

„ rutylo . .275 

„ tetramy- 

lium, &c. . 263 
„ tetramethy- 

lium, &c. . 187 
„ tetrethyli- 

urn, &c. . 225 
„ valerylo . 264 

Hydrindine . . . .371 

Hydrobenzamide . . .143 

Hydrobenzanilide . . . ib. 

Hydrobenzoinamide . . . 146 

Hydrocobaltocyanic acid . . 96 

Hydrocyanic acid . . . 71 

Hydroferridcyanio acid . . 94 

Hydroferrocyanio acid . . 90 
Hydrokinone, green and white 833 
Hydromellonic acid . . 102 

Hydrosulphomellonic acid . 108 

Hydrosulphocyanio acid ... 100 
Hydrosulphuret of sulphuretof 

amyle . . .264 

„ butyle . . . . 256 
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Hydrosulphuret, &c., of efchyle 207 
„ methyle. . . .177 

Hydurots of acetyle, forinyle, 

&c 23,247 

of ethylo, methyle, &c. 22, 175 

Hyduret of benzoyle . . . 132 

„ cinnamyle . . 165 

„ ctunyle . . . 341 

„ phony le, or ben- 
zole . . 139, 141 

„ ealicyle . . . 156 

„ sulphobcnzoyle . 147 
„ sulphazobenzoyle . ib. 
„ toluyle, or tuluole 140, 
392, 397 

„ xylyle, or xylolo . ib. 
Hydurilic acid . . . . 116 

Hyoscyamine .... 425 
Hyperuric acid . . . . 128 

Hyposulphobenzidic acid . 139 
Hyposulphobcnzoie acid . . 138 

Hyposulphoindigotic ucid . 366 j 

Idrialink 492 

Idryle ib. 

Iliciuo 353 

Imabromisatinese . . .374 

Imachlorisatinaso, &c. . . ib. 

Imasatiue .... 373 
Imasatiuic acid . . . . ib. 

Imesatino .... ib. 
Imperatorine . . . . 355 

Importance of phosphates in 
food .... 584 
Indigo, blue . . . . 362 

white .... 364 
action of sulphuric acid on 3C6 
„ potash and heat 

on ... 375 

„ nitric acid on .367 

„ chlorine on . . ib. 

„ oxidation of . . ib. 

Indigotic, or Nitrosalicylic acid 160, 

Indicotine. or pure indigo . . 364 

IndiSe 370 

Indinic acid . . . . 871 

Inosinic acid .... 528 

Inosito 443 

Inuline 455 

Iodide of cyanogen . . . 86 

of tetrarnethylium . .187 

of tetramylium . . . 263 

of tetrethylium . . » 225 


Iodide of amylotriethylium . 283 
of triethylophenylium . . 386 
of methylethylamylopheny- 
lium . . . . ib. 

Iodocinchonine . . . . 417 

Iodocodeine .... 421 
Todonicotino , . . . 411 

Iodoquinino, sulphate of . 414 
Iodosalicylic acid . . . 160 

Ipecacuanha, contains emetine 428 
Iridiocyanogen . . . . 98 

Iron always present in blood . 537 
not essential to the colour of 
the globules . . . ib. 

Isatan 872 

Isatine 367 

Isatinic acid .... 367 
Isatinosulphites . . . ib. 

Isatyde 870 

Iset, bionic acid , . . . 227 

Isotartaric acid . . . 319 

Isotcrebenthene . . . . 340 

Itaconic acid .... 313 
Itacouanilide . . . . ib. 

Ivory black .... 512 

Jalap, resin of 349 

Jamaicine . . . . . 431 

Jervine 429 

Juniper, oil of . . . . 338 


Kakodyle . 

compounds of 
Kakodylic acid . 
Kakoplatyle 
compounds of . 
Kermes 

Kidneys, function of 
Kinic acid and kinates 
Kin one 


. . 191 
. 192 
. . ib, 
. ib. 
. . 193 
. 379 
593 et seq. 
. 332 
. . ib. 


Kinovic, or Chivonic acid 329, 337 
Kreatino, preparation of . . 526 
proportion of, in different 
kinds of flesh . . 527 

products of its decomposi- 
tion . . . 407, 528 

Kreatiuine .... 407 
is found in urine . . . 528 

Kyanole, or Aniline 139, 364, 875, 

389 

Lac, resins of . . . • 349 

Lactamide, isomeric with 
alanine, surcosino and 
urethane . 136, 231, 451 
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Lactates • , « . . 449 Luteoline • . • . * 351 

Lactic acid . . 258, 448, 528 Lutidine .... 897 

anhydrous • . . 456 Lymph » • ... 535 

artificially produced 258, 449 

exists in juice of flesh and Madder, constituents of . . 351 

gastric juice . 449,528 Magnesia, ammoniaphosphate 

is not present in normal of 535 

urine .... 449 lactate of ... • 525 

Lactic fermentation . . . ib* Maqn cs, salt of . • . 55 

Lac tine, or Sugar of Milk . 441 Malamido, or Asparagino ^ . 322 
Lactucicacid . . . . 337 Malauiidic acid, or Aspartic 

Lactucine .... 355 acid ib. 

Laevotartaric acid . . . 318 Malates ..... 321 

Lake, carmine • • .378 Maleatcs . . . . . 322 

Lamp black . . . . 494 Maleic acid . . . . ib. 

Lam pic acid . . . . 232 Malic acid . . . . 320 

Lantanuric acid . . . . 125 Malt 507 

Lard 300 its action on starch, 444, 453, 

Laurel-water . . . . 163 . 507 

Laurosteario or Laurie acid, 10, 277. its action on sugar 444, 507 
577 Mangauocyanogen . . .98 

lavender, oil of . . . . 342 Manna 448 

Leathor , . , 325,511 Manmte ib. 

Lecanorate of oxide of etbyle . 357 Manures, theory of . 5C2 ct seq. 

Lecanoric acid . . • ib Murgararnido , . , 282 

Legumiue, or vegetable Casoine 504 Margaratcs . , . . 281 

Leiocome 455 Marganc acid . 10, 280, 546, 578 

Lemons, oil of 339 Margarine . . . 282, 575 

Lepidine . . . . 400 Margaritic acid . . . 277 

Leucicacid . . 136,602 Mar^arone 282 

Leucine, preparation of . . 502 Marjoram, oil of 342 

• is homologous with glj r co- Marsh-gas, its homologues . . 22 

cine and alanine, 137, 230, 407, Mastic ..... 349 
501 Mechloic acid . . . . 356 

Leucoline . , . 230, 401 Meconamidic acid . . . 331 

Leucoharmine . . . . 433 Meconates 330 

Leucoturic acid . . .115 Meconic acid .... 329 

Lichenino 455 Meconoethylomeconic acid . . 331 

Lichens .... 356 Meconine .... 856 

Light, essential to vegetation , 540 Melara 104 

its relations to heat, motion, Melamine . . . 104, 404 

and chemical force . 566, 590 Mclumpyrine . . . . 356 

Lignine, or woody fibro . ,459 Melanilme . . .398 

Lignone , . . . . 462 Melanoximide . . . , 394 

Limonine, or limone . . .316 Mel assic acid .... 439 

Lipic acid . , , ,290 Melene 287 

Lipyle, oxido of . . . . 576 Mehssic acid . . 287, 546 

Liriodendrine .... 353 Mellite 68 

Lithic acid, or Uric acid « ,109 Melhtic acid . . . . ib. 

Lithofellic acid , . . 520 Molloue gfi 

Litmus , . ... 362 Mellonides %b. 

Liver, functions of , . .613 Membranes .... 510 

Lophine . . . 145, 404 Meuiapornune . , . . 432 

Lupuline . . . , 355 Menyauthine .... 363 
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Mercaptan . « . . 207 Methylonarcotino . 

it Beriefl of . , 25 Methylonicotium 

Mercurethyle . . . . 211 Mothylophenylamine 

Mesifce , . . , .462 Methylopiperidine 

Mesitene . . . . ib. Methylopropylamino 

Mesitylole and its derivatives . 251 Methyloquinium 
Mesaconic acid * . .314 Methyloquinolium . 

Mesoxalic acid . . , . 117 Methylotriethylium . 

Metacetone, or Propione . . 254 Methylo-urea . 

Metacetonic acid, or Propylio Methyloxamie acid 

acid 253 Methyloxamide 

Metagallic acid . . . 327 Middletouite . 

Metaldehyd© . . . . 231 Milk, composition . 

Metals, radicals containing, 190, 209 fermentations of 
Metanaphthaline . , .490 sugar of, or lactine 

Metastyrole . , 167, 339 Mimotannic acid . 

Metatartaric acid . . . 319 Mineral food of plants 

Metatercbentheno . . .340 Mollities ossiuin . 

Methionio acid . . . 227 Monacetine 

Methol 462 Morindine . 

Methylamime . . 15, 182, 383 Morino . 

Methyle 173 j Moroxylic ackl . 

„ and phosphorus . . 193 j Morphine, preparation of 

chloride, bromide, and iodide i salts, and teats of 
of 177 i Mould 
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. 425 
. . 411 
. 896 
. . 432 
. 256 
. . 414 
. 401 
. . 225 
. 181 
. . 184 
. 183 
. . 492 
. 52* 
441, 522 
. 441 
. . 328 
. 560 
. . 512 
. 306 
. . 351 
. ib. 

. . 337 
. 418 
. 419 
. . 461 


cyanide of . 
hydrated oxide of . 
oxido of ... 

„ acetate of . . . 

„ sulphate . . . 

„ acid Bulphate of . . 

„ allophanate of . 

„ benzoate of . . . 

„ carbamate of . 

„ carbolato of . . 

„ cyanate of 

„ cyanurato of . . 

„ nitrate of 

„ oxalate of . 

„ salicylate of . 

products of oxidation of 
sulphuret of, hydrosulphu- 
retted . . . * 

Methylcthylamine . 
Methylethylamylamino . . 

Methylothylamylophenylium . 
.Methylethylophenylaruino 
Methylobntylamine . . . 

Metbylocinchonidium 
Methylociuchonium . . . 

Metbyloconiine . 
Methylodiethylamine . . . 

Methylodiefchylamylium . 

Methyloinorphium. . . . 


i Mouldering, or decay of wood . 460 
| Mucic acid .... 442 
! Mucilage ..... 456 

] Mucus 510 

Mudarine 354 

Mulberry calculus . . . 435 

Murexan 125 

Murexide .... 123 
of caffeino . . . . 434 

• Muscular fibre . . .510 

i Mushroom sugar . . . . 442 

Must of wine .... 508 
Mustard, oil of . . 255, 402 

bases from .... ib. 
Mykomdinic acid • . .118 

Myricino 287 

Myricyle, hydrated oxido of . ib. 
Myriospermine . . . . 167 

Myriospermic acid . . . ib. 

Myristieacid . . 10, 277, 577 

Myristinc . 307 

Myronie acid . . • • 345 

| Myrosine .... 344 
| Myroxyline . . . . 167 


Naphtha 
N aphtalase, &c. 
Nuphtalic acid . 
Naphtaiidine 


. 493 
. . 487 
. 489 
402, 487 
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Naphthaline . 

pa. as 

402, 477 

action of chlorine on 

. . ib . 

bases from . 

. 402 

„ nitric acid on 

. . 486 

„ sulphuric acid 

on. 485 

Naphteine ... 

. 493 

Narceine 

. . 422 

Narcogenine . 

. 424 

Narcotine . 

. . 422 

Narootinic acid 

. 424 

Neroli, oil of 

. . 339 

Nervous matter 

. 520 

Nicotine 

. . 410 

Nitraniline 

378, 392 

Nitranisic acid . 

. . 165 

Nitranisole 

. 165 

Nitranthracenase, &c. . 

. . 490 

Nitrindiue . 

. . 371 

Nitrobenzanisidine . 

. 165 

Nitrobeuzoic acid 

. . 138 

Nitrobenzolo . 

. 139 

Nitrocodeino 

. . 420 

Nitrocumidine 

. 898 

Nitrodibromaniline . 

. . 878 

Nitrogen, compounds of, 

not 

combustible 

. 681 

Nitroglycerine . 

. . 300 

Nitroharinaline 

. 433 

Nitrohippuric acid 

136, 531 

Nitrohydrobenzamide 

. 143 

Nitrobydurilic acid 

. . 117 

Nitromaunite , 

. 448 

Nitromeconic acid 

. . 356 

Nitromesidine 

. 257 

Nitromesitylole, &e. . 

. . ib. 

Nifcronaphtale 

. 488 

Nitronaphtase, &c. 

. . 486 

Nitronaphtesic acid, &c. . 

. 488 

Nitropbenosic acid 

. . 474 

Nitropheniaic or picric acid 374, 


Oi 

474 


Nitrophtalic acid . . . 489 

Nitropicrio or nitropheniaic 
acid . . . 374, 474 

Nitroprussides . . .95 

Nitrosalicylamide . 181, 219 

Nitrosalicylato of oxide of 
ethyl© ♦ 219 

methyl© . . . , 181 

Nitrosalioylic or indigotic acid 

160, 374 

NitrometjiRtyrole . . . 339 

Nitroatyrole . . . . $38 

Nitroatilbase, &o. . . .149 
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Nitrotartaric acid . . . 314 

Nitrotoluole . .140, 167, 348 

Nitrofcyrosine . . . • 303 

Nonyle 278 

Nutgftlls 324 

Nutmeg butter . . 300 

Nutrition of plants and animals 539 
ct seq. 

OCTYLAMINK . . . . 272 

Octyle 271 

„ hydrated oxide of . . ib. 

Odorine 396 

GEuanthic acid . . . • 336 

ether ib. 

(Enanthole 270 

CEnanthylamine . . . 271 

(Enanthylo 270 

(Enauthylic acid . 10, 270, 577 
„ auhydrouB . 270 
Oil of anise . . 163, 341 

asafeetida .... 845 
bitter almonds . . 132, 153 

cinnamon . . . 165, 341 

cloves . . . 336, 341 

coal tar ... 396, 472 

copaiva 339 

cumin .... 156, 341 

Dippel 397 

estragon . . . .342 

garlic 345 

gaultheria or wintergreen 

158, 169, 219 
juniper .... 338 

lemons 339 

mustard . . . .343 

neroli or orange flower . . 839 

rose 342 

rue .... 275, 342 

spiraea . . . . 156, 341 

tar .... 463, 472 

turpentine .... 837 

valerian 341 

wine 226 

Oils, fat or fixed . . . . 800 

replace alcohol in food . 589 
action of heat on . . 309 

„ sulphuric acid on . 802 

„ nitric acid on . . 290 

„ nitrous acid on 294, 302 
„ bases on . . 304 

Okatea 294 

Olefiant gas, and its series 28, 247 
Oleic acid . , . . , 293 
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Oleic acid, action of nitric acid on 294 


Beries 292 

Oleines 308 

Olivile 356 

Olivine ib, 

Opiammon .... 422 
Opianio acid . . . . ib, 

Opianine 423 

Opianosulpliurous acid . . ib. 
Opianylo .... ib. 

Opium 418 

bases and other principles of 418, 
425 

Orccine 358 

Orcine ib. 

Oreoselone . . . .301 

Organic acids . . . . 47 

bases, artificial, formation, 
and theory of . . .388 

bases, action of hyponitrous 
acid on .... 408 
bases, natural . . .410 

Organic compounds, action of 
acids on . . . . 34 

action of bases on . . 36 

action of ferments on . . 38 
action of heat on . . .37 

characters of . . . . 3 

elements of . . . .2 

formation of, artificial 46, 388 
metamorphoses of . .42 

oxidation of . . . . 30 

Oxalate of lime calculus . .535 

Oxalates 62 

Oxalic acid .... ib. 
origin of, in urine . 572, 592 

series of bibasic acids . ,288 

tests of 62 

Oxalovinic acid . . .218 

Oxamato of oxide of ethyle . ib. 

of oxide of methyle . . . 179 

Oxamic acid .... 65 

Oxamide 64 

Oxauilarnido . • • .394 

Oxauilido ... . . 393 

Oxidation of the compounds of 
ethylo . . • .228 

of the compounds of methyle 194 
of dead organic matter . 30 

of indigo 307 

of sanguigenouB compounds 501 
of uric acid . . . . Ill 

Oxide of acetyle, hydrated . 229 
of allylo . .... 595 


Oxide of arnyle 

PAOE 
. 261 

„ hydrated 

. . ib. 

„ salts of . 

. 262 

butyl©, hydrated 

. . 256 

butyryle, hydrated 

. 257 

caprotyle, hydrated 

. . 267 

caproyle, hydrated 

. 268 

capryle, hydrated . 

. . 273 

cetylo .... 

. 277 

„ hydrated 

. . ib. 

ceryle, hydrated . 

. 286 

ethyle 

. . 201 

ethylo, hydrated . 

. 205 

„ salts of 

. . 212 

formyle, hydrated 

. 195 

methyle . 

. . 175 

„ hydrated 

. ib. 

salts of 

. . 178 

myricyle, hydrated 

. 287 

octylc, hydrated 

. . 271 

oonauthyle, hydrated . 

. 270 

palmityle, hydrated 

. . 279 

pelargylo, hydrated 

. 274 

propionyle, hydrated 

. . 254 

propyl e, hydrated 

. 252 

mtyle, hydrated 

. . 275 

valeryle, hydrated 

. 266 

Oxyacan thine 

. . 431 

Oxycarburet of potassium 

. . 67 

Oxychloride of acetylo . 

. 243 

„ formyle 

. . 200 

Oxygen, action of, on 

dead 

organic matter 

. 30 

Ozokerite . 

. . 492 

PA U.ADIOC YANOOKN 

. 98 

Palm oil 

279, 308 

Palmitic acid . 10,279, 

546, 577 

Palmitines . 

. . 307 

Palmitone 

. 280 

Palmityle, hydrated oxide of . 279 

„ kydurct of 

• 280 

Pancreatic juice, supposed 

function of . 

. . 530 

Panification 

. 509 

Papaverino . 

. . 421 

Parabanic acid 

. 118 

Paracyanogen 

. . 99 

Paraffine . 

. 468 

different kinds of . 

. . 469 

Paramcnispermine . 

. 432 

Paramide . 

. . 68 

Pamn aphthaline 

. 490 

Paranicene . 

. . 475 
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Paranicine . . . .475 Phosphorus, organic radicals 

Parasalicyle . . . » 158 containing . * 193, 600 

Para tartaric acid, or Racemic Phosphorus of the tissues al- 
acid . . . .317 wuys present as phospho- 

Parellic acid . . • • 858 ric acid • . • 495 

Parsley, oil of ... 342 Phtalamide . . • • 489 

Parietine, or chrysophanic Phtalic acid .... »5. 

acid . . . 851, 362 „ series of bibasic acids , 599 

Parvoline .... 398 Pbtaliniido .... 489 

Pectic acid 457 Phycite 449 

Pectine ib. Phylloretino .... 492 

Pelargonic acid . 10, 274, 677 Ficamar 467 

„ anhydrous . . 273 Picoline 396 

„ ether. . . . 274 series of bases . . 396 et aeq. 

Pelargone . . . . ib. Picric or Nitrophenisic acid . 374 

Pelargyle, hyduret of . . . ib. Picroeiythrino . . . . 354 

Peppermint, oil of . . . 342 Picrolicheniuo . • « 353 

Pepsino 525 Picrotoxirie . . . . 354 

Perbromide of formyle . . 200 Picryle or picrino . . . 405 

Perchloride of formyle, or Pimelic acid . . . . 290 

chloroform . . . . 198 Pimpernel, oil of 342 

Pereirine .... 435 Pinic acid 348 

Periodide of formyle . . . 200 Piperidine . . . .431 

Peraulphocyanie acid . 101 Piperino ib. 

Peru, balsam of . . . . 166 Piberylbenzamide . . . 432 

Peruvine ib. Piperylosulphocarbamic acid . ib. 

Petroleum 493 Piperylurea . . . . ib. 

Peucedanine .... 355 Pitch, mineral . . . 493 

Peucylo 338 of Judea . . . . ib. 

Peyrone, salt of . .57 Pittacal . . . . .470 

Phene, or Benzolo . 139, 168 Plants, nutrition of . 54l) et acq. 

Phenole . . . . 170, 180 ashes of, as manure . . 564 

Phenetole . . . ib. ib. Platinamino . . . . 60 

Phenometbole . . . t b. ib. Platinocjanogen . . .97 

Phenamylole . . 171, 180 Platino pyridine . . . . 398 

Phenylamine or Aniline . . 364, Platosamine . . . 60 

375, 389 Plasters 305 

Phenyle 473 Platinised bases, with ammonia 55 

hyduret of .... 475 et aeq. 

hydrated oxide of or carbolic with ethylamine and mothy* 

acid 473 larnine . . . . 223 

Phenylo-urea . . . 394 with arsenic . . .192 

Phenylo-urothaue , . . 395 Plumbagine . . . . 355 

Phillyrine .... 355 Plumbethyle .... 211 
Phloretine . . . 163, 354 Polychroite . . . . 851 

Phloridzdine . . ib. ib. Polychrome .... 852 

Phloridzine . . . ib. ib. Polymerism . . . . 9 

Phosgene gas . . . .66 Populine 353 

Phosphates of potash and soda Porphyroxine , . . . 355 

in the animal fluids . . 528 Porter *508 

of lime and magnesia in Potash, found in the ashes of 

bones 512 plants . . . . 2, 560 

of magnesia in juice of flesh . 526 acetate of . . . .236 

Phosphorised bases . . 193, 600 cyanate of . . . . 76 
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Potash, fulminurate of . .79 Quercite .... 449 

bitartrato of . . . . 315 Quercitene 355 

Bulphovinate of . . . 179 Queroitrino .... 354 

propylate of ... 253 Quinicino 415 

salts of, in animal fluids . . 585 Quinine 413 

Potassium, cyanide of .87 artificial . . . 387, 401 

cobaltocyanide of . . . 96 Quinidiue . . * .415 

chromocyanide of . . 97 Quinoline, or chinolino, 387, 400 

forridcyanide of . , . 94 

ferrocyanide of . . .90 Racemic acid . . . .317 

iridiocyanide of . . . 98 Radicals, organic , . . 5 

manganocyanide of . . i-b, of the acetylic aeries . . 23 

mellonide of . . . . 103 „ benzoic aeries 141,392 

nitroprusaide of . . .95 „ cthylic scries • 22, 173 

palladiocyanide of . . . 98 containing metals . 190, 209 

platinocyanides of . .97 containing phosphorus 193, 600 

aulpliocyanide of . . . 100 of Reiset and Gros . . . 55 

Potato starch .... 452 isolation of . . . .11 

Potato spirit, oil of . 261, 445 Rain water contains ammonia . 551 

Proof-spirit .... 206 Red colouring matters . . 351 

Propional 253 Reiset, radicals of . . 55—60 

Propione .... 254 Rennet . . . . . 522 

Propionitrylo . . . . ib Resin of aldehyde . . . 229 

I’ropionyle .... 253 Resineone . . . . . 348 

Propylamine . . . . ib. Resins ..... 347 

Propylamide .... 254 Respiration . . • 578 

Propylates ib. Respiratory constituents of food 581 

Propyie 252 due proportion of . . 582 

Propylic acid . . . • 253 Retinaphtha . . . 350 

Propylene . . . , ib. Retinito . ... 492 

Propylonarcotine . . . 425 Retinole . , . . , ib, 

Proteine theory, objections to Retinylene ib, 

the 495 Retistereno . . ib, 

Prussian blue . . . . 92 Rhabarbarine . . . . 351 

PrusBic or hydrocyanic acid . 71 Rhodeoretiue .... 350 
Paeudoerythrine . . . . 357 Rhodeoretinolo . . . ib. 

Pseudomorphine . . . 422 Rhodium, oil of 342 

Pteloyle . . . . . 250 Rhodizonic acid . . . . 67 

Pty aline 529 Rhubarb, reains of . . . 350 

Putrefaction . • . . 42 Ricmelaidine . . . . 308 

Pyrene 491 Ricinoleine . . . . ib. 

Pyridine 396 Ricinolic acid . . . • 803 

Pyrogallic acid ... 326 Rocelline .... 360 

Pyroligneous acid . . . 232 Rochelle salt . . • • 316 

Pyromeconic acid . • .331 Rose, oil of .... 342 

Pyrotartaric acid . . . 820 Rosemary, oil of ... ib, 

Pyroxauthine . . . .470 Rouge, vegetable . . . 851 

Pyroxylic spirit . 19, 175, 462 Rubiano 352 

Pyrrole ..... 399 Rubinic acid .... 328 
bases . . . . , ib. Rue, oil of . . . 275, 342 

Pyruvic acid .... 320 Rufigallic acid , . . 326 

Rum 508 

Quassiine . . . . 354 Rutiline ..... 163 

Quercitannic acid . , . 324 Rutyle, or capryle . . 275 
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Rutylic acid . 

275 Soils, fertility of . 

560 et tseq. 

„ alcohol . 

ib. Solauine 

. 426 

„ ether . 

ib. Soot .... 

. . 494 


Sorbine . 

. 442 

Sabadilmne 

427 Spaniolitmine 

. . 362 

Saccharic acid 

440 Sparteine 

. 413 

Sacchulmic acid . 

439 Spermaceti . 

280, 301 

Sacchulmiue . 

ib. Spiraea, oil of . 

. 156, 341 

Safflower . ' 

351 Spirit of wine 

. . 205 

Saffron .... 

ib. proof . 

. 206 

oil of 

342 Spirit, pyroxylic 

175, 462 

Sago 

452 Spontaneous combustion 

. 33 

Salicine .... 

161 Stannothylo 

. . 210 

products of decomposition o 

ib. Staphisino 

. 428 

Salicyle .... 

156 Starch, common . 

. . 451 

byduret of 

ib. potato 

. .452 

Salicylic acid . 

158 Starch, its conversion 

into 

Salicylimide 

157 dextrine and sugar 

. . 453 

Salicylous acid 

156 Stearates 

. 284 

Saligenine .... 

161 j Stearic acid 

. . 283 

Saliretine 

162 ! Stearine . 

. 284 


Saliva .... 529, 567 j 

its principal function . . ib. i 

Salta of tbe urine, with different 


diet 

Sanguinarine . 
Santaline . 
Santonino 
Sassafras, oil of . 
Saponine 
Sarcocollin© 
Sarcosine 
Savine, oil of 
Scheererit© 

Scillitine 

Schweinfurth green 
Sebacic acid 
„ ether . 
Sebamide . 

Sebine 

Selcnaldiuo 

Seleniurot of ethylo 

Seminaphtalidine 

Seneguine 

Serolin© 

Serum of blood 
Sinapine 
Sinapisine 
Sinapoliuo . 
Sinkaline 
Sinnamine . 
Smilacine 
Soaps, bard 
» soft 


531, 586 
. 430 
. . 351 
. 353 
. . 342 
355, 456 
. . 458 
. 407 
. . 338 
. 492 
. . 354 
. 238 
. . 291 
. ib, 

. . 292 
. 308 
230, 404 
. 208 
. . 402 1 
. 355 
. . 538 
. 536 
. . 345 
. ib, 
344, 403 
346, 403 
343, 403 
. 355 
. . 304 
. ib. 


Stearoptenes 
S til bene . 

Stibetliylo . 

compounds of 
Stibiomethylo 
Stibioinetliyliuin 
Storax 
Strychnine . 
Stramoninc 
Styracino 
Sty role 
Sty rone . 

Styryle 
oxide of 
cinnanmte of . 
Suberamido . 
Suberamlicle 
Suberic acid . 
Suberyle 

Subacetato of lead . 

„ copper 
Substitution, doctrine 
Succinamide 
Succinamic acid 
Succinates . 

Succinic acid . 
Succiuimide 
Succistcrene . 
Sudoric acid 
Suet . . . 

Sugar 
cane . 

» with bases, &c. 


. . 337 
. 148 
. . 209 
. ib, 

. . 190 
. ib, 
388, 349 
. . 428 
. 426 
. 349 
. . ib, 

. ib. 

. . ib. 

. ib. 

. . ib. 

. 291 
. . ib. 

. 290 
. . ib. 

. 237 
. . ib. 

. 12 
. . 289 
. ib. 

. . ib. 

. ib. 
. . ib. 

. 492 
. , 601 
. 300 
. . 435 
. 436 
. . 437 
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Sugar, action of nitric acid on 440 Table of benzoic aeries . . 141 

grape 437 of compounds of ethyle and 

,♦ with acids, bases, &e. . 439 methyle . . . . 296 

diabetic .... 437 Tabular view of the origin of 

of milk 441 vegetable products . M3 — 647 

mushroom .... 442 view of the changes in animal 
uncrystalliflable . . . 443 body . . . 669 — 578 

fermentation of . . 38, 444 Tallow 300 

butyric fermentation of . . 448 Tanacetine 353 

lactic fermentation of . .446 Tanghine . . . .356 

viscous fermentation of . . 447 Tannates 325 

vinous fermentation, 38, 205, 444 Tannic acid, or Tannine . . 324 

of gelatine, or glycocino . 406 Tanningenic acid . . . 328 

of lead 237 Tapioca 462 

produced from starch, woody Tartar, cream of . . . . 316 

fibre, gum, &c., 437, 463, 507 emetic 816 

Suiplmmethylane . . . 178 soluble ib. 

Sulphatnylic acid . . . 261 Tartaric acid .... 314 

Sulphasatyde . . . .370 „ action of heat on . 317 

Sulphazobetizoyle, hyduret of 149 „ anhydrous . . ib. 

Sulphesatyde .... ib. „ itsoineric forms of ib. 

Sulphcssale . . . . 148 Tartramide . . . . 319 

Sulphethamic acid . . . 222 Tartrates . . . .315 

Sulphoamidic acid . . . 453 „ double . . . . 316 

Sulphobenzide . . .139 Tartrovinic acid . . . 315 

Sulpliobenzoyle, hyduret of .147 Taurine 516 

Sulphocamphic acid . . 336 Taurylic acid .... 533 

Sulphocetylic acid . . . 278 Tea, contains caffeine . 433, 593 

Sulphocyatiide of ammonium . 100 oil of 342 

„ potassium . 104 use of 693 

Sulphocyanic acid . . . 100 Tekoretine .... 495 

Sulphocyanogcn . . . ib. Tellurethyle . . . . 211 

Sulphoglyceric acid . .305 Terebene . . . .340 

Sulphohydrokinone . . . 333 Teropiammon . ... 424 

Sulphoiudigotic acid . .366 Terpiue 340 

Sulphomellono . . . . 107 Tetramethylium . . . 187 

Sulphornesitylic acid . . 251 Tetramylium «... 263 

Sulphomethylic acid . . . 179 Tetrastearino . . . . 308 

Sulphonaph talide . .486 Tetretbylium .... 225 

Sulphonaphtalino . . . ib. Totrcthylo-urea . . . . 226 

Sulphopianic acid . .423 Thebaine .... 422 

Sulphophenic acid , . .474 Theine, the same as Caffeine . 433 

Sulphovinic acid . . .213 Theobromine . . . -434 

Sulphuret of ethyle . .207 Thialdino . . . 230, 403 

„ methyle . . 177 Thiouaphtamic acid . . . 487 

Surinamine . . . . 431 Thionurate of ammonia . . 119 

Sweet bay, oil of . . .342 Thionuric acid . . . , ib. 

Sylvie acid . * . . 348 Thiosinnamine . . 343, 402 

Synaptase .... 154 Thyme, oil of . • • 342 

Syringine . . ... 353 Thymine .... 602 

Thymoile 342 

Table of homologous com- Thymoilole .... ib. 

pounds, related to ethyle Toluidine . .141, 397 

and acetyle . . . . 22 Toluole .... 141, 167 

ss 



626 


INDEX. 


Tcluylic acid . . 

Tribromaniline 
Tribonzoicine 
Tricetylamine . 
Trichloraniline . 
Trichlorosalicine 
Triethylamine 
Trigenie acid . 
Trimethylamine . 
Triamylamine . 
Triethyl ophf»nylium . 
Trinitroloj byle . 
Trinitropicryle 
Turkey -red 
Turmeric . 
Turpentine 

„ oil of . 

„ isomers of 

Turpentinic acid . 
Types, chemical theory 
Tyrosine 


of 


rxme 


PAGE 

, 170 

Valeral 

. 264 

. 372 

Valeramide . . 

. . 265> 

• 80 t 

Valerates 

. ib. 

. 278 

Va^erene 

. , 266 

. 372 

Valerian, oil of 

. 341 

. 162 

Valerianic acid . 

. s . 264 

. 226 

anhydrous . 

. 265 

. 601 

Valerole 

. . 341 

. 185 

Valerone 

. 266 

. 263 

Valeronitryle 

. . 265 

. 396 

Valerylo 

. 264 

. 405 

Variola rine 

. . 859 

. ib. 

Varnishes 

. . 350 

. 851 

Veratrine . 

. . 426 

. 351 

Verdigris 

. 237 

. 337 

Vertidine , 

. . 400 

, ib. 

Vienna green . 

. 238 

. 340 

Vinegar 

. . 235 

. 338 

„ -wood . 

. 235, 462 

. 12 

Volatile bases 

. . 410 

. 502 

1 

oily acids . 10, 

„ table of . 

23, 546, 577 
. 10 


table of formation 


Upas poison or antiarine 

. 354 

Uramile 

. , 120 

Uramilic acid . 

. ib. 

Urate of ammonia 

, , 110 

Urea . 

. 78 

artificial . 

. 47, 78 

amylic 

. 2 C 2 

aniline 

. . 391 

determination of, in urine . 572 

ethylic . 

. . 220 

mpthylic 

. 181 

nitrate of 

. . 78 

oxalate of . 

. ib. 

Urethane . 

. . 217 

Uretbylane 

. 179 

Uric acid . 

. . 109 

„ its derivatives 

114 et s*o. 

Uric oxide, or xanthic oxide , 127 

Urinary calculi 

127, 535 

Urine of man 

. . 685 

„ „ constituents of . ib. 

Urine of birds 

. 533, 563 

„ carnivora 

. . 531 

„ herbivora . 

. ib. 

„ serpents 

, . 109 

Urine, use of, as manure 

. 563 

Uroxanic acid 

. . 126 

Uroxile . 

. . ib. 

Uryle .... 

. . 109 

Urylic acid 

. . ib. 

Usnic acid . 

. . 361 


of, from sugar . 577 
WatkiIj uses of, in vegetation, 541, 


560 

„ „ in blood . 579 

popper, oil of ... 345 

rain, contains ammonia . 551 

Wax, bees’, its constituents 279, 
286 

Chinese, its constituents . 286 

fossil 492 

White indigo . , . . 364 

Wine, its preparation . . 445 

its bouquet . . , , ib, 

its peculiar smell . . ib, 

oil of 226 

Wood, distillation of . . 461 

decay of . . 30, 460 

coal or brown coal . . 472 

i vinegar 462 

Wood-spirit or pyroxylic spirit 

161, 175, 462 
Woody fibre, or cellulose . . 458 
» t f its formation . 557 
Wormwood, oil of . . . 342 

Wort 508 

Xanthio acid . . . . 218 

,, oxide , . . 127 

Xanthopenio acid . . . 428 

Xylidine . . . 397 , 453 
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Xylite . 

. . 462 

Yeast or ferment 

. 509 

JX.ylitlc naphtha 

. ib. 

Yellow oolouring matters 

. 351 

„ oil . 

. . ib. 



„ resin . 

. ib. 

Zanthopichine 

. 854 

Xyloidine . 

453, 459 

Zincethyle .... 

. 209 

Xylole . 

. 141, 397 

yields hyduret of etliyle 

. ib. 

Xyloretine . . 

. 493 

Zincomethylo 

. 190 


THE END. 
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HANDBOOK OF INORGANIC ANALYSIS; 

Ono Hundred and Twenty-two Examples, illustrating the most important processes 
for determining the Elementary composition of Mineral substances. 

BY FRIEDRICH WOHLER, 

Professor of Chemistry in the University of Gottingen. 

Edited by Da. A. W. Hofmann, Professor in tho Royal College of Chemistry. 
Largo 12mo. 6s. 6 d. 

This collection of examples for practice in Chemical Analysis, is designed chiofly 
for the use of the laboratory. It is drawn up under the impression th »t it is easier for 
most minds to obtain a clear insight into general relations and laws by the study of 
special cases, than inversely to acquire a knowledge of individual cases by first direct- 
ing the attention to general Kales. 


HANDBOOK OF ORGANIC ANALYSIS; 

Containing a detailed Account of the various methods used in determining tho 
Elementary Composition of Organic substances. 

BY JUSTUS LIEBIG. 

Edited by Dr. Hofmann. Illustrated by 85 Woodcuts. 12rao. 6s. cloth. 

This work is a second edition of Baron Liebig’s “Instructions in Organic Analysis. ” 
In preparing it he was assisted by Dr. Str»oker of Christiania, and Dn. Hofmann 
of London. Sinco the publication of tho first edition a great variety of new apparatus, 
and many new methods have boon proposed ; such as have stood the test of vigorous 
experimental examination have been adopted and described in the present work. 
Tho Editor’s convictions of the want of hucii a handbook by the laboratory student 
who wishes to engage iu organic investigation, led him to undertake the publication 
of the English Edition. 


ELEMENTS OF CHEMICAL ANALYSIS. 

QUALITATIVE AND QUANTITATIVE. 

BY EDWARD ANDREW PARNELL. 

Second Edition. 8vo. Os. cloth. 

This work embraces both qualitative and quantitative analysis ; it is intended for 
laboratory uso, and for those who are not altogether unacquainted with chemistry. It 
opeus with instructions for performing the ordinary manipulations «>f analytical pro- 
cesses, embracing an account of the necessary utensils, and also the modes of preparing 
and applying the various reagents. A considerable portion of tlie work is then devoted 
to the statement (partly in the tabular form), of tho appearances produced by the 
principal reagents when appliod to chemical substances. Those appearances consti- 
tute the groundwork of a systematic course of operations, next described, to be 
followed iu tho qualitative examination of all kinds of substances, illustrated by 
appropriate examples. 

In the division of the work which treats of quantitative analysis, processes are 
described by which the constituents of substances are separated from each other, and 
their weights determined. Prominence is here given to all articles of commercial 
importance, ns alkalies, manganese, and all metallic ores, bleaching rx>wder, etc. In 
an Appendix, processes are iutroducod for tho complete analysis ot’ crude potashes, 
ores of manganese. salt|>ctre, guano, the asbos of vegetables, etc., and copious tables 
to facilitate calculations in analysis. 
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OUTLINES OF THE COTJKSE OF QUALITATIVE 
ANALYSIS, 

FOLLOWED IN THE GIESSEN LABORATORY. 

BY HENRY WILL, Pn. D., 

Professor Extraordinary of Chemistry in the University of Giessen. 

With a Preface by Baron Li»nro. 

Svo, 6a., or with the Tables mounted on linen, 7a. 


FAMILIAR LETTERS ON CHEMISTRY, 

TN ITS RELATIONS TO PHYSIOLOGY, DIETETICS, AGRICULTURE, 
COMMERCE, AND POLITICAL ECONOMY. 

BY JUSTUS VON LIEBIG. 

Third Edition. Complete in 1 vol. Foolscap Svo. 6a. cloth. 

The object of the author has been to present a sort of bird’s-eye view of Chemistry 
in ail its various aspects and relations ; to show its importance as a means of unfolding 
tho secrets of nature ; and also to show the influence which it oxerts, through its 
various applications in manufactures, agriculture, and medicine, on the present social 
condition of mankind. 

After introductory remarks on tho importance of chemistry, and on the principles 
on which a judicious application of chemistry must be founded, an historical skoten is 
given of the progress of this science from the time of the alchemists. The general 
principles of chemistiy arc then discussed, as chemical aflinity, chemical equivalents, 
the atomic theory, etc. ; also tho subjects which aro related both to chomistry and 
natural philosophy, as crystallisation, isomorphism, isomerism, condensation of gases, 
etc. Tho principles on which some important chemical manufactures, that of soda iu 
particular, arc founded, are ox plained, and the influence on commerco of such 
Applications pointed out. 

A large portion of this work is devoted to a consideration of tho various changes to 
which bodies of organic origin arc subject, as fermentation, putrefaction, Ac. ; the 
origin of organic bodies ; tho connection of chemistry with animal physiology, com- 
prising the subjects of nutrition and respiration, with results of the author’s researches 
on dietetics, and observations on tho comparative nutritive value of different articles 
of food: also the connection of chemistry with vegetable physiology, comprising tho 
principles by which the use of inanuros should bo guided, and other applications of 
chemistiy to agriculture. 
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The farmer who now carries on his operations without reference to the recent appli- 
cations of chemistry to his calling, as developed in this work, is ceitainly not in a 
position to compete successfully with his more scientific neighbour. 

This work is divided into two principal sections. In the first, the derivation of tho 
various constituents of vegetables is traced to the atmosphere and tho soil. Applica- 
tion of the principles thus developed is then made to the art of culture. Among tho 
subjocts hero treated of are, tho causes of fertility and barrenness; the means of 


of various analyses of the ashes of plants, which are useful as a guide to the choice of 
efficient manures. 

T on * d ! mr ,V )f thia L work ’ the *U th °r discusses the subjects of formentation. 
necay, and putrefaction, and makes application to tho processes of makimr wino beer 

coal V and g WW h fi natl Jf al °* nitrification, and tho conversion of wood into 

coal, and, lastly, the action of poisons, contagions, and miasms are here elucidated. 
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A general idoa of tho scope of this treatiso may bo inferrod from the following list of 
the principal subjects treated of in Part I.— Animal Heat, which is shown to result 
from tho slow combustion of carbon and hydrogen ; tho respiratory process ; tho nu- 
trition of carnivora and berbivora. comprising the change which foot! undergoes in tho 
process of assimilation, and the relation of the vegetable to tho animal kingdom; tho 
origin of nriue and bile, and tho use of bile as an clement of respiration, as well as in 
tho digestive process ; the classification of articles of food into two classes, elements of 
nutrition, and elements of respiration, and their relative value lbr those purjiosos ; tho 
formation of fat from starch and sugar ; the manner in which living vegetables may 
derive their non-nitrogenized constituents, us sugar, starch, acids, oils, &c., from 
carbonic acid and water ; the fuuclion of tho intestinal canal, and tho origin and 
nature of fleets. 

The subject of the second division of this work is, “ tho Metamorphosos of Animal 
Tissues.” Of this subject, the part already published contains the first section, which 
is devoted to the consideration of the principles which ought to direct, and tlio method 
which ought to bo pursued iu, the investigation of this interesting and important 
subject. 
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This work is intended for the general reader who desires to attain accurate 
knowledge of the various departments of physical science, without pursuing 
them according to the more profouud methods of Mathematical investigation. 
Hence the style ol‘ the explanations is studiously popular, and the graver 
matter is everywhere accompanied by diversified elucidations and examples, 
derived from common objects, wherein the principles of science are applied to 
the purposes of practical life. 
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discoveries. 

Although the principles of the sciences arc here, in the main, developed and 
demonstrated in ordinary and popular language, a few mathematical symbols 
are occasionally used throughout the work, lor the purpose of expressing results 
more clearly and concisely. These, however, are never employed without a 
previous ample explanation of their signification. 

The present edition has been enlarged by the interpolation of a great number 
of illustrations of the general principles of Physics, taken from their various 
applications in the Arts, such examples being in all cases elucidated by 
appropriate engraved figures of the instruments and machines described. 
Many improvements have also been introduced in the Diagrams for the illus- 
tration of .Physical Principles, the number of which has been greatly augmented. 
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